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ABSTRACT

X-ray fluorescence (XRF) spectrometry has been used for
detecting binding events and measuring binding selectivities
between chemicals and receptors. XRF may also be used for
estimating the therapeutic index of a chemical, for estimat-
ing the binding selectivity of a chemical versus chemical
analogs, for measuring post-translational modifications of
proteins, and for drug manufacturing.
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DRUG DEVELOPMENT AND MANUFACTURING

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 09/859,701, now U.S. patent
application 20030027129 entitled “Method for Detecting
Binding Events Using Micro-X-ray Fluorescence Spectrom-
etry,” which was published on Feb. 6, 2003, and a continu-
ation-1n-part of U.S. patent application Ser. No. 10/206,524,
now U.S. patent application 20040017884 entitled “Flow
Method and Apparatus for Screening Chemicals Using
Micro-X-Ray Fluorescence,” which was published on Jan.

29, 2004, and a continuation-in-part of U.S. patent applica-
tion Ser. No. 10/621,825 filed Jul. 16, 2003, and claims the

benelit of U.S. Provisional Application Serial No. 60/511,
434 filed Oct. 14, 2003, and claims the benefit of U.S.
Provisional Application Serial No. 60/513,086 filed Oct. 21,
2003, all hereby incorporated by reference herein.

STAITEMENT REGARDING FEDERAL RIGHTS

[0002] This invention was made with government support
under Contract No. W-7405-ENG-36 awarded by the U.S.
Department of Energy. The government has certain rights in
the 1nvention.

FIELD OF THE INVENTION

[0003] The present invention relates generally to detecting
binding events and more particularly to estimating binding
selectivities for chemicals, analogs, and drugs being tested
with receptors and then manufacturing those having a high
binding selectivity to the receptors.

BACKGROUND OF THE INVENTION

[0004] The desire to hasten the identification of potentially
important drugs, catalysts, chemical and biological sensors,
medical diagnostics, and other materials 1s a constant chal-
lenge that has prompted the use of combinatorial synthetic
and screening strategies for synthesizing these materials and
screening them for desirable properties. Combinatorial syn-
thesis 1nvolves assembling a “library”, 1.e. a very large
number of chemically related compounds and mixtures,
usually 1 the form of an array on a substrate surface. High
throughput screening of an array involves 1dentifying which
members of the array, 1f any, have the desirable property or
properties. The array form facilitates the 1dentification of a
particular material on the substrate. Combinatorial arrays
and high-throughput screening techniques have been used to
solve a variety of problems related to the development of
biological materials such as proteins and DNA because the
screening techniques can be used to rapidly assay many
biological materials.

[0005] The binding properties of a protein largely depend
on the exposed surface amino acid residues of 1ts polypep-

tide chain (see, for example, Bruce Alberts et al., “Molecular
Biology of the Cell”, 2*¢ edition, Garland Publishing, Inc.,

New York, 1989; and H. Lodish et al., “Molecular Cell
Biology”, 4™ edition, W. H. Freeman and Company, 2000).
These amino acid residues can form weak noncovalent
bonds with 10ons and molecules. Effective binding generally
requires the formation of many weak bonds at a “binding
site,” which 1s usually a cavity in the protein formed by a
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specific arrangement of amino acids. There should be a
precise fit with the binding site for effective binding to occur.

[0006] The chemical properties and in particular, the bind-
ing properties of a protein depend almost entirely on the
exposed surface amino acid residues of the polypeptide
cham. These residues can form weak noncovalent bonds
with other molecules. An effective binding between the
protein, one example of a group of materials herein referred
to as “receptors”, and the material that binds to the receptor,
referred to heremn as “chemical”, generally requires that
many weak bonds form between the protein receptor and the
chemical. Chemicals include organic molecules, inorganic
molecules, salts, metal 1ons, and the like. The bonds between
the protein and the chemical form at the “binding site” of the
protemn. The binding site 1s usually a cavity in the protein
that 1s formed by a specific arrangement of amino acids that
often belong to widely separated regions of the polypeptide
chain and represent only a minor fraction of the total number
of amino acids present 1n the chain. Chemicals should f{it
precisely 1nto the binding site for effective binding to occur.
The shape of these binding sites can differ greatly among
different proteins, and even among different conformations
of the same protein. Even slightly different conformations of
the same protein may ditfer greatly in their binding abilities.
For further discussion of the structure and function of

proteins, see: Bruce Alberts et al., “Molecular Biology of the
Cell”, 2°¢ edition, Garland Publishing, Inc., New York,

1989; and H. Lodish et al., “Molecular Cell Biology”, 4"
edition, W. H. Freeman and Company, 2000.

[0007] After a receptor array is prepared, it is screened to
determine which members have the desirable property or
properties. U.S. Pat. No. 5,143,854 to M. C. Purrung et al.
enfitled “Large Scale Photolithographic Solid Phase Syn-
thesis of Polypeptides and Receptor Binding Screening
Thereot”, which 1ssued Sep. 1, 1992, hereby incorporated by
reference, describes one such screening method. A polypep-
tide array is exposed to a ligand (an example of a chemical)
to determine which members of the array bind to the ligand.
The ligands described are radioactive, or are “tagged”, 1.e.
attached via one or more chemical bonds to a chemical
portion that fluoresces when exposed to non-ionizing, ultra-
violet radiation. Thus, the attached portion, 1.e. the tag,
makes the chemical visible by interrogation with ultraviolet
radiation. Tagged molecules have also been used to aid in
sequencing 1mmobilized polypeptides as described, for
example, 1n U.S. Pat. No. 5,902,723 to W. J. Dower et al.
entitled “Analysis of Surface Immobilized Polymers Utiliz-
ing Microfluorescence Detection,” which issued May 11,
1999. Immobilized polypeptides are exposed to molecules
labeled with fluorescent tags. The tagged molecules bind to
the terminal monomer of a polypeptide, which 1s then
cleaved and its identity determined. The process 1s repeated
to determine the complete sequence of the polypeptide.

[0008] It is generally assumed that the attachment of a
fluorescent tag to a chemical only serves to make visible the
otherwise mnvisible chemical, and does not alter its binding
properties. Since 1t 1s well known that even small changes to
the structure of a molecule could affect its function, this
assumption that a tagged chemical, 1.€. a “surrogate”, has the
same binding afhinity as the untageed chemical may not be
a valid one. Small structural changes that accompany even
a conformational change of a receptor have been known to
affect the binding affinity of the receptor. The tagged sur-
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rogates are structurally different from their untagged coun-
terparts, and these structural differences could affect their
binding affinities. Since binding affinities derived using
tagged surrogates are suspect, the binding properties of
receptors and chemicals should be evaluated using the
untagged chemical or receptor and not with a tagged surro-
gate.

[0009] Pharmaceutical chemicals are the active ingredi-
ents 1n drugs, and i1t 1s believed that their therapeutic
properties are linked to their ability to bind to one or more
binding sites. The shapes of these binding sites may differ
oreatly among different proteins, and even among different
conformations of the same protein. Even slightly different
conformations of the same protein may differ greatly in their
binding abilities. For these reasons, it 1s extremely difficult
to predict which chemicals will bind effectively to proteins.

[0010] Development and manufacturing for a new phar-
maceutical chemical for a drug, 1.e. drug development,
ogenerally 1nvolves determining the binding affinities
between a potential pharmaceutical chemical (preferably a
water soluble organic chemical that can dissolve into the
blood stream) and a receptor (generally a biological material
such as an enzyme or non-enzyme protein, DNA, RNA,
human cell, plant cell, animal cell, and the like) at many
stages of the drug development process. The receptor may
also be a microorganism (e.g. prion, virus, bacterium,
spores, and the like) in whole or in part. The drug develop-
ment process typically mvolves procedures for combining
potential pharmaceutical chemicals with receptors, detecting,
chemical binding between the potential pharmaceutical
chemicals and the receptors and determining the binding
athinity and kinetics of binding of a receptor to a chemical to
form a complex or the kinetics of release of a bound
chemical from a complex. The binding atfhinity i1s defined
herein as the associative equilibrium constant Ka for the
following equilibrium expression:

. — .
m {chemical )+receptor~——chemical-receptor com-

plex

[0011] The binding affinity, Ka, 1s defined by equation (1)
below.

Ka=|chemical-receptor  complex ]| receptor ]| chemi-

cal | (1)
[0012] Inequation (1), [chemical-receptor complex] is the
concentration 1 moles per liter of the chemical-receptor
complex, [ receptor] is the concentration in moles per liter of
the receptor, ‘m’ 1s the number of molecules of chemical that
bind to each molecule of receptor, and [chemical] is the
concentration 1n moles per liter of the chemical. Any effects
due to concentration can be simplified 1f the concentration of
chemical used were the same for all receptors.

[0013] Nowadays, the drug development process may
involve the rapid screening of hundreds or thousands of
chemicals 1n order to i1dentify a “lead compound,” which 1s
one of the many tested that binds very strongly, 1.e. has a
high binding affinity, with a particular receptor. After such a

Detection Technique

ELISA (Enzyme-Linked
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lead compound has been identified, then other potential
pharmaceutical chemicals similar in structure to the lead
compound, which are referred to herein as “analogs™ of the
lead compound, are synthesized and tested in order to
determine which of these chemicals, 1f any, exhibits an even
higher binding atfinity.

[0014] The preparation and high-throughput screening of
biological arrays 1s exemplified by the following papers: H.
Zhu and M. Snyder, “Protein Chip Technology (Review),
“Current Opinion in Chemical Biology, vol. 7, pp. 55-63,
(2003); G. MacBeath and S. L. Schreiber, “Printing Proteins

As Microarrays For High-Throughput Function Determina-
tion,”Science, vol. 289, pp. 1760-1763, (2000); E. T. Fung et

al., “Protein biochips for differential profiling,”Analyiical
Biotechnology, Vol. 12, pp. 65-69, (2001); T. Kukar et al.,
“Protein Microarrays to Detect Protein-Protein Interactions
Using Red and Green Fluorescent Proteins,”Analytical Bio-
chemistry, vol. 306, pp. 50-54, (2002); G. Y. J. Chen et al.,
“Developing a Strategy for Activity-Based Detection of
Enzymes 1n a Protein Microarray,”ChemBioChem, pp. 336-
339, (2003); K. Martin et al., “Quantitative analysis of
protein phosphorylation status and protein kinase activity on
microarrays using a novel fluorescent phosphorylation sen-
sor dye,”Proteomics, Vol. 3, pp. 1244-1255, (2003); .
Burbaum and G. M. Tobal, “Proteomics in drug discovery,
“Current Opinion in Chemical Biology, Vol. 6, pp. 427433,
(2002); I. A. Hemmild and P. Hurskainen, “Novel detection
strategies for drug discovery,”Drug Discovery Today, Vol. 7,
pp. ST°-S1°°, (2002), Pages S150-S156; all incorporated

herein by reference.

[0015] Some screening methods are described in the fol-
lowing patents, all of which are hereby incorporated by
reference.

[0016] U.S. Pat. No. 6,147,344 to D. Allen Annis et al.
entitled “Method for Identifying Compounds 1n a Chemical
Mixture”, which 1ssued Nov. 14, 2000, describes a method
for automatically analyzing mass spectrographic data from
mixtures of chemical compounds.

[0017] U.S. Pat. No. 6,344,334 to Jonathan A. Ellman et
al. enfitled “Pharmacophore Recombination for the Identi-
fication of Small Molecule Drug Lead Compounds,” which
issued Feb. 5, 2002, describes a method for identifying a
drug lead compound by contacting target biological mol-
ecules with cross-linked binding fragments.

[0018] U.S. Pat. No. 6,395,169 to Ole Hindsgaul et al.
enfitled “Apparatus for Screening Compound Libraries,”
which 1ssued May 28, 2002, describes an apparatus that
employs frontal chromatography combined with mass spec-
trometry to identify and rank members of a library that bind
to a target receptor.

[0019] Other current high-throughput screening methods,
along with their associated drawbacks, are listed in TABLE
1 below, which 1s taken from the following paper: H. Zhu
and M. Snyder, “Protein Chip Technology (Review),”Cur-
rent Opinion in Chemical Biology, vol. 7, pp. 55-63, (2003).

TABLE 1

Probe Labeling Data Acquirement

Enzyme-Linked Antibodies CCD Imaging

[mmunosorbent Assay)
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TABLE 1-continued

Detection Technique Probe Labeling

[sotopic Labeling
Sandwich Immunoassay Fluorescently Labeled

Antibodies

Data Acquirement

Nov. 25, 2004

Radioisotope Labeled Analyte X-Ray Film Or Phospoimager
Laser Scanning

Surface Plasmon Resonance Receptor must be attached to  Refractive Index Change

a surface
Non-Contact Atomic Force None
Microscopy
Planar Waveguide Fluorescently Labeled
Antibodies

SELDI (Surface Enhanced None
Laser Desorption [onization
Mass Spectrometry)
Electrochemical

CCD Imaging

Metal-Coupled Analyte

10020] TABLE 1 shows that most of the listed screening

methods have the same drawback: they require either radio-
labeled chemicals, chemicals that have been altered with a
fluorescent tag, or chemicals that have been altered with a
metal tag.

[0021] X-ray fluorescence (XRF) spectrometry is a pow-
erful spectroscopic technique that has been used to deter-
mine the elements that are present 1n a chemical sample, and
to determine the quantity of those elements 1n the sample.
The underlying physical principle of the method 1s that when
an atom of a particular element 1s 1rradiated with X-ray
radiation, the atom ejects a core electron such as a K shell
clectron. The resulting atom 1s 1n then an excited state, and
it can return to the ground state by replacing the ejected
clectron with an electron from a higher energy orbital. This
1s accompanied by the emission of a photon, 1.e. X-ray
fluorescence, and the photon energy 1s equal to the ditfer-
ence 1n the energies of the two electrons. Each element has
a characteristic set of orbital energies and therefore, a
characteristic X-ray fluorescence (XRF) spectrum.

[0022] An XRF spectrometer is an apparatus capable of
irradiating a sample with an X-ray beam, detecting the X-ray
fluorescence from an element included in the sample, and
using the X-ray fluorescence to determine which elements
are present 1n the sample and providing the quantity of these
clements. A typical, commercially available X-ray fluores-
cence spectrometer 1s the EDAX Eagle XPL energy disper-
sive X-ray 1luorescence spectrometer, equipped with a
microfocus X-ray tube, lithrum drifted silicon solid-state
detector, processing electronics, and vendor supplied oper-

ating software. In principle, any element may be detected
and quantified with XRE.

[0023] U.S. patent application 20030027129 entitled
“Method for Detecting Binding Events Using Micro-X-ray
Fluorescence Spectrometry,” incorporated by reference
herein, describes a method for detecting binding events
using micro-x-ray tluorescence spectrometry. According to
the “129 patent application, receptors are exposed to at least
one potential chemical and arrayed on a substrate support.
Each member of the array 1s exposed to X-ray radiation. The
magnitude of a detectable x-ray fluorescence signal for at
least one element can be used to determine whether a
binding event between a chemical and a receptor has
occurred, and can provide information related to the extent
of binding between the chemical and receptor.

10024] U.S. patent application 20040017884 entitled
“Flow Method And Apparatus For Screening Chemicals

Mass Spectrometry

Surface Topological Change

Conductivity Measurement

Using Micro X-Ray Fluorescence,” which was published on
Jan. 29, 2004, incorporated by reference herein, describes a
method for i1dentifying binding events between potential
pharmaceutical chemicals and receptors (e.g. proteins). The
method 1nvolves modifying a mixture of potential pharma-
ceutical chemicals by adding at least one receptor to the
mixture. After allowing sufficient time for any bound com-
plex between any of the potential pharmaceutical chemicals
and any of the receptors to form, if such a complex can form,
the resulting solution 1s flow separated into at least two
components. Each component 1s exposed to an X-ray eXci-
tation beam. If the exposed component emits a detectable
x-ray fluorescence signal, that component 1s 1solated. The
identity of any 1solated component can be determined using
onc or more standard analytical techniques, such as gas
chromatography, liquid chromatography, mass spectrom-
etry, nuclear magnetic resonance spectroscopy, inirared
spectroscopy, ultraviolet spectroscopy, visible spectroscopy,
clemental analysis, cell culturing, immunoassaying, and the

like.

[10025] Effective drugs are selective drugs; they bind to a
specific desired receptor, bypassing other receptors, to pro-
duce a desired therapeutic effect. This way, they target a
specific disease in the body with minimal side effects;
selectivity provides efficacy without undesirable side effects.

[0026] The therapeutic index is a measure of drug selec-
tivity that 1s ordinarily calculated from data obtained from
experiments with animals. The therapeutic index of the drug
1s typically defined as the ratio of two numbers, LD50/
ED50, where LD50 1s the dose of a drug that 1s found to be
lethal (i.e. toxic) for 50 percent of the population of animals
used for testing the drug, and ED50 1s the dose of the drug
that 1s found to have a therapeutic effect for 50 percent of
that population. More broadly, 1t 1s a measure of the how
much of the drug i1s needed to produce a harmiful effect
relative to the amount needed to produce a beneficial etfect.
The ratio LD50/ED50 1s therefore, a measure of the approxi-
mate “safety factor” for a drug; a drug with a high thera-
peutic index can presumably be administered with greater

safety than one with a low 1ndex.

[10027] Estimating the therapeutic index of a chemical
involves measuring the binding affinity of a chemical to a
first receptor, and measuring the binding affinity of the same
chemical to a second receptor. After measuring these bind-
ing athinities, the ratio of the binding affinity of the chemical
divided by the amount of first receptor versus the binding
athinity of the chemical divided by the amount of the second
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receptor 1s determined. This ratio 1s provides an estimate of
the “therapeutic index”. For an example of using DNA
arrays with optical fluorescence high-throughput screening
to estimate a therapeutic index, see for example, R. Ulrich
and S. H. Friend, “Toxicogenomics and Drug Discovery:
Will New Technologies Help Us Produce Better Drugs?,
“Nature Reviews Drug Discovery, v.1, pp.84-88 (2002),
incorporated herein by reference.

|0028] There remains a need for simpler methods for
measuring binding affinities and selectivities, estimating the
therapeutic index of a chemical, and for expediting drug
manufacturing,

10029] Therefore, an object of the present invention is to
provide a method for measuring binding afhinities of chemi-
cals.

[0030] Another object of the present invention is to pro-
vide a method for measuring selectivity of chemicals bind-
Ing to receptors.

[0031] Yet another object of the invention is to provide a
method for estimating the therapeutic index of a chemical.

10032] Still another object of the invention is to provide a
method that employs x-ray fluorescence for drug manufac-
ture.

[0033] Additional objects, advantages and novel features
of the 1nvention will be set forth in part 1n the description
which follows, and in part will become apparent to those
skilled 1n the art upon examination of the following or may
be learned by practice of the invention. The objects and
advantages of the mnvention may be realized and attained by
means of the instrumentalities and combinations particularly
pointed out 1n the appended claims.

SUMMARY OF THE INVENTION

[0034] In accordance with the purposes of the present
invention, as embodied and broadly described herein, the
present 1nvention includes a method for estimating the
binding selectivity of a chemical having at least one heavy
element (i.e. an element having an atomic number of nine or
higher) to at least two receptors. The method includes
establishing a baseline X-ray fluorescence signal for a heavy
clement 1n a portion of a first receptor and 1n a portion of at
least one more receptor that may be the same or different
from the first receptor, the heavy element being present 1n a
chemical to be tested for binding to the receptors; exposing
the receptors to the chemical and allowing the chemical to
bind to them to form a first chemical-receptor complex and
at least one more chemical-receptor complex; measuring the
x-ray Hluorescence signals due to the heavy element i the
first chemical-receptor complex and 1n the at least one more
chemical-receptor complex; subtracting the baseline x-ray
fluorescence signal of the first receptor from the measured
x-ray tluorescence signal of the of the first chemical-receptor
complex to obtain a first net x-ray fluorescence signal;
subtracting the baseline x-ray fluorescence signal of the at
least one more receptor from the measured x-ray fluores-
cence signal of the of the at least one more chemical-
receptor complex to obtain at least one more net X-ray
fluorescence signal; and then estimating the selectivity of the
chemical by dividing the first net x-ray fluorescence signal
by the amount of receptor 1n the portion of the first receptor
to obtain a first quotient, dividing the at least one more net
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x-ray fluorescence signal by the amount of receptor in the
portion of the at least one more receptor to obtain at least one
more quotient, and then comparing the first quotient to the
at least one more quotient.

[0035] The invention also includes a method for estimat-
ing the binding selectivity of a chemical versus at least one
analog of the chemical to at least two receptors, the chemical
and the at least one analog each having at least one heavy
clement. The method includes establishing a baseline x-ray
fluorescence signal for a first heavy element 1n a first portion
of a first receptor and 1n a first portion of a second receptor,
the first heavy element being present in a chemical to be
tested for binding to the receptors; establishing a baseline
x-ray fluorescence signal for a second heavy element 1n a
second portion of the first receptor and 1n a second portion
of a second receptor, the second heavy element being present
in an analog of the chemical to be tested for binding to the
receptors; exposing the first portions of the receptors to the
chemical and allowing the chemical to bind to them to form
a first chemical-receptor complex and a second chemical-
receptor complex; measuring the x-ray fluorescence signal
due to the first heavy element present in the first chemical-
receptor complex and 1n the second chemical-receptor com-
plex; exposing the second portions of the receptors to the
analog and allowing the analog to bind to them to form a first
analog-receptor complex and a second analog-receptor com-
plex; measuring the x-ray fluorescence signal due to the
second heavy element present in the first analog-receptor
complex and 1n the second analog-receptor complex; calcu-
lating the net x-ray fluorescence signal due to the first heavy
clement 1n the first chemical-receptor complex by subtract-
ing the baseline x-ray fluorescence signal of the first portion
of the first receptor from the measured x-ray fluorescence
signal of the of the first chemical-receptor complex; calcu-
lating the net x-ray fluorescence signal due to the first heavy
clement present 1n the second chemical-receptor complex by
subtracting the baseline x-ray fluorescence signal of the first
portion of the second receptor from the measured x-ray
fluorescence signal of the second chemical-receptor com-
plex; calculating the net x-ray fluorescence signal due to the
second heavy element in the first analog-receptor complex
by subtracting the baseline x-ray fluorescence signal of the
second portion of the first receptor from the measured x-ray
fluorescence signal of the of the first analog-receptor com-
plex; calculating the net x-ray fluorescence signal due to the
second heavy element present 1n the second analog-receptor
complex by subtracting the baseline x-ray fluorescence
signal of the second portion of the second receptor from the
measured x-ray fluorescence signal of the second analog-
receptor complex; estimating the selectivity of the chemaical
to binding to the receptors by dividing the net x-ray fluo-
rescence of the first chemical-receptor complex by the
amount of receptor 1n the first portion of the first receptor to
obtain a first quotient, dividing the net x-ray fluorescence of
the second chemical-receptor complex by the amount of
receptor 1n the first portion of the second receptor to obtain
a second quotient; estimating the selectivity of the analog to
binding to the receptors by dividing the net x-ray fluores-
cence of the first analog-receptor complex by the amount of
receptor 1n the second portion of the first receptor to obtain
a third quotient, dividing the net x-ray fluorescence of the
second analog-receptor complex by the amount of receptor
in the second portion of the second receptor to obtain a
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fourth quotient; and comparing first quotient to the second
quotient to the third quotient to the fourth quotient.

[0036] The invention also includes a method for manu-
facturing a drug. The method includes establishing a base-
line X-ray fluorescence signal for a heavy element in a
portion of a first receptor and 1n a portion of at least one
more receptor that may be the same or different from the first
receptor, the heavy element being present 1n a chemical to be
tested for binding to the receptors; exposing the receptors to
the chemical and allowing the chemical to bind to them to
form a first chemical-receptor complex and at least one more
chemical-receptor complex; measuring the x-ray fluores-
cence signals due to the heavy element in the first chemical-
receptor complex and in the at least one more chemical-
receptor complex; subtracting the baseline x-ray
fluorescence signal of the first receptor from the measured
x-ray fluorescence signal of the of the first chemical-receptor
complex to obtain a first net x-ray fluorescence signal;
subtracting the baseline x-ray fluorescence signal of the at
least one more receptor from the measured x-ray fluores-
cence signal of the of the at least one more chemical-
receptor complex to obtain at least one more net xX-ray
fluorescence signal; estimating the selectivity of the chemi-
cal by dividing the first net x-ray fluorescence signal by the
amount of receptor 1n the portion of the first receptor to
obtain a first quotient, dividing the at least one more net
x-ray fluorescence signal by the amount of receptor in the
portion of the at least one more receptor to obtain at least one
more quotient, and then comparing the first quotient to the
at least one more quotient; and manufacturing the chemical
in sufficient quantity for use as a drug 1if the first quotient and
the at least one more quotient are different by at least one
percent.

[0037] The invention also includes a method for manu-
facturing a drug. The method includes establishing a base-
line X-ray fluorescence signal for a first heavy element 1n a
first portion of a first receptor and 1n a first portion of a
second receptor, the first heavy element being present 1n a
chemaical to be tested for binding to the receptors; establish-
ing a baseline X-ray fluorescence signal for a second heavy
clement 1n a second portion of the first receptor and 1n a
second portion of a second receptor, the second heavy
clement bemng present in an analog of the chemical to be
tested for binding to the receptors; exposing the first portions
of the receptors to the chemical and allowing the chemaical
to bind to them to form a first chemical-receptor complex
and a second chemical-receptor complex; measuring the
x-ray fluorescence signal due to the first heavy element
present 1n the first chemical-receptor complex and in the
second chemical-receptor complex; exposing the second
portions of the receptors to the analog and allowing the
analog to bind to them to form a first analog-receptor
complex and a second analog-receptor complex; measuring
the x-ray fluorescence signal due to the second heavy
clement present in the first analog-receptor complex and 1n
the second analog-receptor complex; calculating the net
x-ray fluorescence signal due to the first heavy element in
the first chemical-receptor complex by subtracting the base-
line x-ray fluorescence signal of the first portion of the first
receptor from the measured x-ray fluorescence signal of the
of the first chemical-receptor complex; calculating the net
x-ray fluorescence signal due to the first heavy element
present 1n the second chemical-receptor complex by sub-
tracting the baseline x-ray fluorescence signal of the first
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portion of the second receptor from the measured x-ray
fluorescence signal of the second chemical-receptor com-
plex; calculating the net x-ray fluorescence signal due to the
second heavy element in the first analog-receptor complex
by subtracting the baseline x-ray fluorescence signal of the
second portion of the first receptor from the measured x-ray
fluorescence signal of the of the first analog-receptor com-
plex; calculating the net x-ray fluorescence signal due to the
second heavy element present 1n the second analog-receptor
complex by subtracting the baseline x-ray fluorescence
signal of the second portion of the second receptor from the
measured x-ray fluorescence signal of the second analog-
receptor complex; estimating the selectivity of the chemical
to binding to the receptors by dividing the net x-ray fluo-
rescence of the first chemical-receptor complex by the
amount of receptor 1n the first portion of the first receptor to
obtain a first quotient, dividing the net x-ray fluorescence of
the second chemical-receptor complex by the amount of
receptor 1n the first portion of the second receptor to obtain
a second quotient; estimating the selectivity of the analog to
binding to the receptors by dividing the net x-ray fluores-
cence of the first analog-receptor complex by the amount of
receptor 1n the second portion of the first receptor to obtain
a third quotient, dividing the net x-ray fluorescence of the
second analog-receptor complex by the amount of receptor
in the second portion of the second receptor to obtain a
fourth quotient; and comparing first, second, third, and
fourth quotients to determine if the chemical or analog is the
more selective and manufacturing the more selective one 1n

[

sufficient quantity for use as a drug.

|0038] The invention also includes a method for compar-
ing the ability of at least one chemical 1n a first solution to
bind to a portion of at least one receptor versus the ability of
that chemical 1n a second solution to bind to a separate
portion of the same at least one receptor. The method
includes establishing a baseline X-ray fluorescence signal
for a heavy element 1n a first portion of a receptor and for the
heavy element 1n a separate portion of the receptor, the
heavy element being present 1n a chemical that 1s being
tested for binding to the receptor; exposing the first portion
of the receptor to a first solution that includes the chemical,
and allowing the chemical to bind to the receptor to form a
first chemical-receptor complex; exposing the separate por-
fion of the receptor to a second solution also includes the
chemical, and allowing the chemical to bind to the receptor
to form a second chemical-receptor complex; measuring the
x-ray fluorescence signals due to the heavy element in the
first chemical-receptor complex and in the second chemical-
receptor complex; calculating the net x-ray fluorescence
signal due to the heavy element 1n the first chemical-receptor
complex by subtracting the baseline x-ray fluorescence
signal of the first portion of receptor from the measured
x-ray Hluorescence signal of the first chemical-receptor com-
plex; calculating the net x-ray fluorescence signal due to the
heavy element 1n the second chemical-receptor complex by
subtracting the baseline x-ray fluorescence signal of the
separate portion of receptor from the measured x-ray fluo-
rescence signal of the second chemical-receptor complex;
and estimating the binding selectivity of the chemical 1n the
first solution versus the second solution by dividing the net
x-ray fluorescence signal of the first chemical-receptor com-
plex by the amount of receptor 1n the first portion of the
receptor to obtain a first quotient, dividing the net x-ray
fluorescence of the second chemical-receptor complex by
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the amount of receptor 1n the separate portion of the receptor
to obtain a second quotient, and then comparing the first
quotient to the second quotient.

[0039] The invention also includes a method for estimat-
ing the relative effectiveness of at least two drugs, each drug
having at least one heavy element. The method includes
providing a sample from a medical patient, the sample
comprising at least a first portion and a second portion of a
first receptor and a first portion and a second portion of a
second receptor; establishing a baseline X-ray fluorescence
signal for a first heavy element 1n the first portion of the first
receptor and 1n the first portion of the second receptor, the
first heavy element being present 1n a first drug to be tested
for binding to the first and second receptors; establishing a
baseline X-ray fluorescence signal for a second heavy ele-
ment 1n the second portion of the first receptor and in the
second portion of the second receptor, the second heavy
clement being present 1n a second drug to be tested for
binding to first and second receptors; exposing the first
portion of the first receptor and the first portion of the second
receptor to the first drug and allowing the drug to bind to the
first receptor to form a first drug-receptor complex, and to
bind to the second receptor to form a second drug-receptor
complex; measuring the x-ray fluorescence signal due to the
first heavy element present in the first drug-receptor com-
plex and 1n the second drug-receptor complex; exposing the
second portion of the first receptor and the second portion of
the second receptor to the second drug and allowing the
second drug to bind to the first receptor to form a third
drug-receptor complex, and to bind to the second receptor to
form a fourth drug-receptor complex; measuring the x-ray
fluorescence signal due to the second heavy element present
in the third drug-receptor complex and 1n the fourth drug-
receptor complex; calculating a first net x-ray fluorescence
signal due to the first heavy element present in the first
drug-receptor complex by subtracting the baseline x-ray
fluorescence signal of the first portion of the first receptor
from the measured x-ray fluorescence signal of the of the
first drug-receptor complex; calculating a second net x-ray
fluorescence signal due to the first heavy element present 1n
the second drug-receptor complex by subtracting the base-
line x-ray fluorescence signal of the first portion of the
second receptor from the measured x-ray fluorescence signal
of the second drug-receptor complex; calculating a third net
x-ray fluorescence signal due to the second heavy element in
the third drug-receptor complex by subtracting the baseline
x-ray fluorescence signal of the second portion of the first
receptor from the measured x-ray fluorescence signal of the
of the third drug-receptor complex; calculating a fourth net
x-ray Huorescence signal due to the second heavy element
present 1n the fourth drug-receptor complex by subtracting
the baseline x-ray fluorescence signal of the second portion
of the second receptor from the measured x-ray fluorescence
signal of the fourth drug-receptors complex; calculating
binding quotients for the first drug by dividing the first net
x-ray fluorescence signal by the amount of receptor in the
first portion of the first receptor to obtain a first quotient,
dividing the second net x-ray fluorescence signal by the
amount of receptor in the first portion of the second receptor
to obtain a second quotient; calculating binding quotients for
the second drug by dividing the third net x-ray fluorescence
signal by the amount of receptor 1n the second portion of the
first receptor to obtain a third quotient, dividing the fourth
net x-ray fluorescence signal by the amount of receptor in
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the second portion of the second receptor to obtain a fourth
quotient; and comparing the first, second, third, and fourth
quotients to estimate the relative effectiveness of the first
drug versus the second drug.

[0040] The invention also includes a method for estimat-
ing binding affinity. The method involves depositing a
portion of a receptor on a substrate; establishing a baseline
X-ray fluorescence signal for a heavy element 1n the portion
of the receptor, the heavy clement being present 1n a
chemical being testing for binding to the receptor; exposing
the receptor to a solution comprising the chemical at a first
temperature, and allowing the chemical to bind to the
receptor to form a chemical-receptor complex; measuring
the x-ray fluorescence signal due to the heavy element 1n the
chemical-receptor complex using excitation photons having
an energy ol at least 300 electron-volts to electronically
excite the heavy element, and detecting emission photons
using an x-ray detector having a dead time, the emission
photons being generated from an excited state of the heavy
clement, the excited state of the heavy element having a
fluorescence lifetime that 1s less than the dead time of the
x-ray detector; calculating the net x-ray fluorescence signal
due to the heavy element 1n the chemical-receptor complex
by subtracting the baseline x-ray fluorescence signal of the
portion of receptor from the measured x-ray fluorescence
signal of the chemical-receptor complex; and estimating the
binding atfinity of the chemical for the receptor by dividing
the net x-ray fluorescence signal of the chemical-receptor
complex by the amount of the receptor 1n the portion of the
receptor.

[0041] The invention also includes a method for detecting
protein modification. The method includes establishing a
baseline X-ray fluorescence signal for a heavy element 1n a
portion of a protein; exposing the portion of protein to
conditions that may alter the amount of the heavy element
present in the portion of the protein and then measuring the
x-ray fluorescence signal due to the heavy element; and
subtracting the baseline x-ray fluorescence signal from the
measured x-ray fluorescence signal.

DETAILED DESCRIPTION

[0042] Briefly, the present invention relates to using x-ray
fluorescence (XRF) as a probe to determine binding selec-
fivities of chemicals for receptors. The mnvention can also be
used to estimate therapeutic index of a chemical. Another
aspect of the mnvention relates to providing an estimate of the
relative therapeutic indices of two chemicals.

[0043] An aspect of this invention is related to estimating
the binding selectivity of a chemical to two or more recep-
tors. The receptors are preferably proteins or other biological
ligands. The receptors may be arrayed on a substrate. Arrays
that 1include from about 2 to about 100,000,000 receptors,
preferably from about 2 to about 1,000,000, and more
preferably from about 2 to about 100,000 are especially
useful with this invention.

10044] Chemicals used with this invention generally
include at least one element with an atomic number of nine
or higher; these elements are referred to herein as “heavy
clements”.
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10045] Generally, a baseline XRF signal is established for
a heavy element 1n each portion or aliquot of each receptor
used with the invention. The baseline x-ray fluorescence
signal may be calculated or measured.

[0046] After establishing the baseline XRF signal, the
receptor(s) are exposed to one or more chemicals, preferably
in solution, that are being tested for binding to the recep-
tor(s). Exposure of the receptor(s) to the chemical(s) may or
may not result in the formation of one or more complexes
that are referred to heremn as “chemical-receptor com-
plexes”. If an analog of the chemical 1s used, then the
corresponding complex 1s referred to herein as an “analog-
receptor complex”. If the chemical 1s a drug, then the
corresponding complex 1s referred to herein as “drug-recep-
tor complex”. Exposure of the receptor to the chemical/
analog/drug allows such a complex to form, 1if it forms at all,
under the conditions of temperature, elapsed time, presence
of other chemicals or receptors, receptor concentration,
chemical concentration, and other parameters.

10047] After sufficient time has elapsed for one of the
aforementioned complexes to form, the x-ray fluorescence
signal due to the “heavy” element (e.g. phosphorus, chlo-
rine, fluorine, sulfur, to name a few) in each chemical-
receptor complex 1s measured.

[0048] After measuring the XRF signal due to the heavy
clement, the baseline X-ray fluorescence signal is subtracted
from this measured x-ray fluorescence signal; the difference
1s referred to herein as the “net x-ray fluorescence signal”.
The net x-ray fluorescence signal 1s proportional to the
amount of the chemical that 1s bound to the receptor in a
chemical-receptor complex. Each net-x-ray fluorescence
signal may be standardized by dividing by the amount of the
receptor 1n the portion used for binding to the chemaical. The
amount of receptor typically may have units such as mol-
ecules, moles, moles per liter, grams, grams per liter, units
of activity, and the like. If the same amount of receptor 1s
used for each experiment, then each net x-ray fluorescence
signal may be directly compared.

10049] In addition, the net XRF signal should be standard-
1zed for the concentration of chemical i1f receptors are
exposed to solutions having different concentrations of the
chemical.

[0050] The standardized XRF signals obtained using this

invention may then be compared 1n a variety of ways. One
standardized x-ray fluorescence signal may be subtracted
from another signal, for example. One standardized XRF
signal may be divided by another signal. Preferably, when
making comparisons among more than two signals, the
signals are plotted on a graph so that comparisons among
them may be easily visualized.

[0051] Another aspect of this invention is related to esti-
mating the binding selectivity of at least two chemicals to
two or more receptors and comparing their selectivities. For
this aspect of the invention, each chemical must include at
least one heavy element. The two or more chemicals may
include the same heavy element or different heavy elements.
The receptors, preferably proteins or other biological
ligands, may be arrayed on a substrate. Arrays may include
from about 2 to about 100,000,000 receptors, preferably
from about 2 to about 1,000,000, and more preferably from
about 2 to about 100,000. A measured or calculated baseline
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X-ray fluorescence signal would be obtained for the heavy
element(s) in each portion or aliquot of each receptor used
with the i1nvention. After establishing the baseline X-ray
fluorescence signal, the receptors are exposed to a plurality
of chemicals, preferably 1n solution, which are being tested
for binding to the receptors. Exposure of the receptors to the
chemicals may or may not result 1n the formation of one or
more complexes that are referred to heremn as “chemical-
receptor complexes”. Exposure of the receptor to the chemi-
cals allows such complexes to form, 1f they form at all, under
the conditions of temperature, elapsed time, presence of
other chemicals or receptors, receptor concentration, chemi-
cal concentration, and other parameters. After sufficient time
has elapsed for one of the aforementioned complexes to
form, the x-ray fluorescence signal due to the “heavy”
element (e.g. phosphorus, chlorine, fluorine, sulfur, to name
a few) in each chemical-receptor complex is measured. After
measuring the x-ray fluorescence signal due to the heavy
element(s), the baseline X-ray fluorescence signal is sub-
tracted from this measured x-ray fluorescence signal; the
difference is referred to herein as the “net x-ray fluorescence
signal”. The net x-ray fluorescence signal 1s proportional to
the amount of the chemical that 1s bound to the receptor 1n
a chemical-receptor complex. Next, each net x-ray fluores-
cence signal 1s standardized by dividing by the amount of the
receptor 1n the portion used for binding to the chemical. The
amount of receptor typically may have units such as mol-
ecules, moles, moles per liter, grams, grams per liter, units
of activity, and the like. If the same amount of receptor 1s
used for each experiment, then each net x-ray fluorescence
signal may be directly compared. The standardized x-ray
fluorescence signals may be compared 1n a variety of ways.
One standardized x-ray fluorescence signal may be sub-
tracted from another signal, for example. One standardized
x-ray fluorescence signal may be divided by another signal.
Preferably, when making comparisons among more than two
signals, the signals are plotted on a graph so that compari-
sons among them may be easily visualized.

[0052] The invention also relates to drug manufacturing.
The drug manufacturing process includes the determination
of which chemical or chemicals bind to a type of receptor
referred to 1n the art as a “druggable target,” how strongly
they bind, whether or not they bind selectively (1.e. whether
or not they also bind undesirably to other receptors), and for
those that bind selectively to what degree the selectivity 1s.
After 1dentifying a drug that binds strongly and selectively
to a desired druggable target, the drug 1s synthesized 1n large
quantities.

[0053] The invention can be used to estimate the binding
selectivity of a chemical to one or more receptors under
different conditions. For example, the binding affinity of a
chemical 1n one solution can be compared to its binding
afhiinity 1in a different solution. The chemical would mclude
one or more heavy elements. The eifect that other compo-
nents that do not have a heavy element 1n either solution
have on the binding affinity of the chemical could be inferred
by observing any observed differences 1 binding affinity of
the chemical.

[0054] Some aspects of the invention are related to per-
sonalized medicine, and involve estimating the relative
elffectiveness of two or more drugs. This may 1nvolve, for
example, estimating the binding selectivities of two (or
more) drugs to two (or more) receptors. The receptors may
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be proteins or other biological ligands, typically derived
from a medical patient or a participant in a clinical drug trial.
For medical patients, there may be a question about which
drug to use to treat the patient, and the invention can be used
to guide the doctor toward prescribing a specific drug for
treatment. For applications related to personalized medicine,
these types of drugs would include at least one heavy
clement. For drugs that are being compared, the drugs might
include the same heavy element, or different heavy ele-
ments. Each drug may be a single chemical, or may be a
mixture of chemicals. If the drug 1s a mixture of chemicals,
then one of the active ingredients of the drug must have a
heavy element.

[0055] An aspect of this invention is related to estimating
the binding affinity of a chemical to one or more receptors,
preferably proteins or other biological ligands that are
arrayed on a substrate. The chemical would include at least
one heavy element. First, a baseline XRF signal for the
heavy element 1n each portion or aliquot of each receptor
would be obtained, either by measuring or calculating the
baseline signal. Afterward, the receptor(s) would be exposed
to one or more chemicals. Chemicals that bind to the
receptors result in the formation of chemical-receptor com-
plexes that are detectable by measuring the XRF signal due
to the heavy element in each chemical-receptor complex.
This measured x-ray fluorescence signal 1s obtained by using
X-ray excitation photons with an energy of at least 300 eV,
which generate emission photons having a fluorescence
lifetime that 1s less than the dead time of the x-ray detector.
After measuring the x-ray fluorescence signal due to the
heavy element, the baseline XRF signal 1s subtracted from
this measured x-ray fluorescence signal, yielding the net
XRF signal, which 1s proportional to the amount of the
chemical that 1s bound to the receptor in a chemical-receptor
complex. The net XRF signal would then be standardized.
The standardized XRF signals may then be compared.

[0056] The invention can also be used to detect modifi-
cations 1n proteins. Examples of such detectable protein
modification include, but are not limited to, post-transla-
tional modification of proteins, phosphorylation of proteins,
and dephosphorylation of proteins. Detecting these modifi-
cations would typically begin by first establishing a baseline
XRF signal for a heavy element in each portion or aliquot of
cach protein, and then exposing the protein to conditions that
may result 1 protemn modification. Afterward, the XRF
signal due to the heavy element would be measured. The
baseline X-ray fluorescence signal 1s then subtracted from
this measured XRF signal, and the difference 1s the “net
XRF signal”. The net XRF signal would be standardized by
dividing by the amount of the receptor 1n the portion being
tested. The standardized XRF signals may then be com-
pared.

[0057] This invention may be used to estimate the thera-
peutic index of a chemical/drug/analog. The therapeutic
index 1s a measure of drug selectivity that 1s ordinarily
calculated from data obtained from experiments with ani-
mals. The therapeutic index of the drug 1s typically defined
as the ratio of two numbers, LD50/ED50, where LD50 1s the
dose of a drug that is found to be lethal (i.e. toxic) for 50
percent of the population of animals used for testing the
drug, and ED50 1s the dose of the drug that is found to have
a therapeutic effect for 50 percent of that population. More
broadly, 1t 1s a measure of the how much of the drug 1s
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needed to produce a harmiul effect relative to the amount
needed to produce a beneficial effect. The ratio LD50/ED350
1s therefore, a measure of the approximate “safety factor” for
a drug; a drug with a high therapeutic index can presumably
be administered with greater safety than one with a low
index. The mvention may be used to provide an estimate of
the therapeutic index by, for example, measuring the binding
athinity of a chemical to a receptor associated with side
cffects and to a receptor associated with efficacy. The ratio
of the measured binding affinities (efficacy divided by side
effects) provides an estimate of the “therapeutic index”. For
an example of using DNA arrays with optical tfluorescence
high-throughput screening to estimate a therapeutic index,
see R. Ulrich and S. H. Friend, “Toxicogenomics And Drug
Discovery: Will New Technologies Help Us Produce Better
Drugs?,”Nature Reviews Drug Discovery, vol.1, pp. 84-88
(2002), incorporated herein by reference.

[0058] An example relating to the use of the invention to
obtain a simple estimate of a therapeutic index may involve
exposing an array ol the proteins SHT2A and NAal to a
solution of olanzapine. Assuming that the SHT2A and NAal
of the array are present in equal amounts, the net sulfur XRF
signal due to the olanzapine should be between 1.6 and 20
times higher for olanzapine bound to 5HT2A than {for
olanzapine bound to NAal.

[0059] Another example relating to the use of the mven-
fion to obtain an estimate of a therapeutic index 1s now
described. A therapeutic index for a non-steriodal anti-
inflammatory drug (commonly referred to as an “NSAID”)
may be obtained by exposing an array that includes the
proteins COX-1 and COX-2 to a solution of meloxicam.
Assuming the COX-1 and COX-2 are present 1 equal
amounts, the net XRF signal due to sulfur in the meloxicam
should be about 10 times higher for meloxicam bound to

COX-2 than for meloxicam bound to COX-1.

[0060] Yet another example relating to the use of the
invention to obtain an estimate of a therapeutic index may
involve exposing an array that includes COX-1, COX-2, and
proteins derived from hepatocytes, to a solution of meloxi-
cam. Assuming the COX-1 and COX-2 are present in equal
amounts, the net XRF signal due to the sulfur in the
meloxicam should be about 10 times higher for meloxicam
bound to COX-2 than for meloxicam bound to COX-1. Any
XRF signal due to sulfur 1n meloxicam bound to hepatocyte-
derived proteins may suggest that the meloxicam may
concentrate in the liver and may be cause for further analysis
of the toxicity of meloxicam.

CH,
OH O S \
‘/\ N g )H\“"‘N
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O O
Meloxicam

[0061] Binding selectivity information provided by the
invention 1s important for understanding the properties of
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drugs. It 1s also 1important for other applications such as for
medical diagnostics. For medical diagnostics, the ratio of the
binding affinity of probe molecules (i.e. molecules that
selectively bind to proteins associated with a particular
disease) for a disease marker (i.e. a protein in a biological
sample, such as a blood or sputum sample, from a patient
having that disease, which indicates that a disease is present)
vs. the binding athinity of probe molecules for other proteins
not associated with that disease, 1s related to the accuracy of
a medical test. If the probe molecules bind to the disease
marker, then the medical diagnostic test provides a true
positive result. However, when the probe molecules bind to
other proteins besides the disease marker, then the medical
diagnostic test provides a false positive result. The above
rat1o provides a measure of the true positive relative to the
false positive, which 1s related to the accuracy of the medical
test.

[0062] Diagnostic tests that use standard immunoassay
methods require fluorescently-tagged chemicals. It has been
previously pointed out that it 1s generally assumed that the
attachment of a fluorescent tag to a chemical only serves to
make visible the otherwise 1invisible chemical, and does not
alter 1ts binding properties. However, small changes to the
structure of a chemical could affect its function, so this
assumption that tagged chemicals have the same binding
athinity and selectivity as their untagged counterparts may
not be a valid one. The tagged chemicals are structurally
different from their untagged counterparts, and these struc-
tural differences could affect their binding atfinities and
selectivities. Since binding affinities and selectivities
derived using tagged chemicals are suspect, the binding
properties of receptors and chemicals should be evaluated
using the untagged chemical or receptor and not with a
tagoged chemicals. This 1s not possible with standard 1mmu-
noassay methods, which require fluorescently-tagged
chemicals. By contrast, the present invention allows an
existing, untagged chemical (or analog or drug) to be used
as the probe molecule.

[0063] An example of using the invention for a diagnostic
test for inflammation, for example, may include exposing
spatially separated proteins to a drug. Spatially separated
proteins, for example COX-1 and COX-2 dertved from a
blood sample from a patient, may be exposed to the drug
meloxicam. The binding affinities of meloxicam to COX-1
and COX-2 are known. Therefore, the net XRF signal due to
sulfur 1n the meloxicam that 1s bound to COX-1 versus that
for COX-2 may indicate the relative amounts of COX-1 and
COX-2 1n the blood sample.

[0064] The invention may also be used to develop opti-
cally fluorescent immunoassay diagnostics by comparing
the selectivity of a non-fluorescently tageed chemical to a
fluorescently-tagged chemical. XRF would be used to deter-
mine the binding selectivity of the non-tagged chemical, and
either XRF or optical fluorescence would be used to deter-
mine the binding selectivity of the tageged chemical. If the
selectivities of the tagged and untageed chemicals are
proven to be similar, then the tagged-chemical may be used
as the diagnostic with the expectation that i1ts binding
properties are acceptably similar to those of its untagged
counterpart.

[0065] Binding selectivity information provided by the
present 1nvention 1s also important for uses related to

Nov. 25, 2004

Materials Science. Binding selectivity information can be
used, for example, 1n designing high performance water
filters, such as water filters that remove contaminants such
as lead, arsenic, arsenate anions, or pesticides, from con-
taminated water. Water filters can be manufactured with
receptors that have a high affinity for a particular contami-
nant (lead, for example) and a low affinity for other con-
taminants (iron, for example) in the contaminated water. By
passing the contaminated water through this filter, the lead
1s removed while the 1ron 1sn’t. The beneficial effect of not
removing the iron 1s that the 1ron, which 1s present 1n much
larger amounts than the lead 1s, does not overload the filter
as the contaminated water 1s being treated. Overloading
would mean that the filter would have to be replaced often.

[0066] The binding selectivity, i.e. the ratio of binding
athinity of a chemical to one receptor versus the binding
afhinity to a different receptor, may be performed as follows.
First, a baseline x-ray fluorescence 1s obtained. This baseline
may be obtained by, for example, measuring the x-ray
fluorescence (XRF) signal due to a particular element from
cach receptor 1n the absence of any added chemical. This 1s
an empirical measurement that establishes the baseline XRF
signal for that element for each receptor. Alternatively, the
baseline XRF can be calculated for each receptor. This
calculation requires knowledge of the amount of that ele-
ment that 1s present 1n the receptor and a calibration factor
to convert an amount of that element 1nto an XRF 1intensity
signal; the amount of the element believed to be present may
then be multiplied by the calibration factor to provide a
calculated XRF signal. The calibration factor may be
obtained by measuring a set of standards containing that
clement, and calculating the signal as a function of the
amount of the element. Preferably, the XRF baseline 1s a
measured baseline.

[0067] For cases where there is a low probability that there
1s an clement in common between the receptor and the
chemical and where that element 1s used for the XRF
measurement, a foreknowledge of the composition of the
receptor(s) may be sufficient. For obtaining the XRF base-
line for a set of organic receptors that are being screened for
their binding affinities for a metal (e.g. lead) or for a
chemical that has XRF-measurable chemical elements (e.g.
phosphorus, chlorine) that are known not to be present in the
set of organic receptors, for example, the baseline XRF
signal of the receptors may be calculated or assumed to be
negligible. For a sulfur-containing receptor (e.g. avidin) and
a phosphorus-containing chemical (e.g. biotin-DHPE, or
N-(Biotinoyl)-1,2-dihexadecanoyl-sn-glycero-3-phosphoet-
hanolamine triethylammonium salt), for example, the XRF
signal of phosphorus from the avidin may be assumed to be
negligible, and any phosphorus XRF signal measured may
be assumed to be due to the biotin-DHPE.

[0068] A receptor 1s preferably localized and separated
from other receptors. Localization concentrates the receptor
and any chemical bound to the receptor, therefore improving
the sensitivity of the XRF technique. This sensitivity
improvement due to localization for XRF contrasts with
other techniques, such as optical fluorescence. Optical fluo-
rescence may be aflected by fluorescence quenching, fluo-
rescent resonance energy transfer, photobleaching, and the
like. Fluorescence quenching diminishes the optical signal
and therefore decreases sensitivity. Fluorescence resonance
energy transfer alters the wavelength of the fluorescence
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signal. Photobleaching degrades the fluorescence signal over
fime and exposure to light. By contrast, XRF 1s not subject
to fluorescence quenching because the energy differences
between the ground state and the excited states are much
orecater for XRF than for optical fluorescence. Energy loss
via opfical fluorescence may occur through non-radiative
pathways that do not produce an optical signal. XRF some-
times 1s subject to fluorescence resonance encrgy transfer
(see, for example, J. Sherman, Spectrochimica Acta, vol. 7,
pp. 283-306 (1955)), incorporated by reference herein).
Opftical fluorescence usually requires an unsaturated func-
tional group (a carbonyl group, a dienyl group, an aromatic
group, etc.) with an electron that can be excited from the
oground electronic state to an excited state with non-ionizing
radiation (ultraviolet, visible, and near-infrared radiation).
This excitation forms a reactive electron-hole pair that can
chemically react with neighboring molecules, or within the
same molecule. This chemical reaction degrades the opti-
cally fluorescent chemical functional groups, which dimin-
ishes the optical fluorescence during degradation. In con-
trast, XRF employs 1onizing radiation for exciting inner core
electrons of atoms. The chemical environment of the excited
atoms does not have a significant effect on the XRF signal.
Atoms are not degraded like chemical functional groups, so
photobleaching does not occur 1n XRE.

[0069] When the chemical binds to a localized receptor,
the chemical also becomes localized. In order to maximize
the XRF efliciency, it 1s preferable that the dimensions of the
receptor match those of the spot generated by the excitation
beam.

[0070] For expensive receptors, it 1s preferable that the
sample of receptor be as small as possible. It 1s therefore
preferable that the receptor sample be localized within an
area about 1 mm~ or less, and within a volume of 1 mm"” or
less.

[0071] When multiple receptors are being tested, they are
cach deposited 1n separated portions on a substrate. The
portions are spatially separated from each other so that the
XRF excitation beam excites only one portion, and any
chemical bound to the portion of receptor, at a time.

[0072] Receptor arrays such as analytical protein arrays,
functional protein arrays, analytical DNA arrays, functional
DNA arrays, analytical RNA arrays, functional RNA arrays,
arrays dertved from clinical patients, arrays derived from
participants 1n clinical trials, tissue samples, tissue arrays,
cellular arrays, and cellular samples may be used with the
present invention. These and other types of arrays have been
described 1n detail 1n the following papers: H. Zhu and M.
Snyder, “Protein Chip Technology (Review),”Current Opin-
ion in Chemical Biology, vol. 7, pp. 55-63, (2003); G.
MacBeath and S. L. Schreiber, “Printing proteins as microar-
rays for high-throughput function determination,”Science,
vol. 289, pp. 1760-1763, (2000); E. T. Fung et al., “Protein
biochips for differential profiling,”Current Opinion in Bio-
technology, Vol. 12, pp. 65-69, (2001); T. Kukar et al.,
“Protein Microarrays to Detect Protein-Protein Interactions
Using Red and Green Fluorescent Proteins,”Analytical Bio-
chemistry, vol. 306, pp. 50-54, (2002); G. Y. J. Chen et al.,
“Developing a Strategy for Activity-Based Detection of
Enzymes 1n a Protein Microarray,”ChemBioChem, pp. 336-
339, (2003); K. Martin et al., “Quantitative analysis of

protein phosphorylation status and protein kinase activity on
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microarrays using a novel fluorescent phosphorylation sen-
sor dye,”Proteomics, Vol. 3, pp. 1244-1255, (2003); .
Burbaum and G. M. Tobal, “Proteomics in drug discovery,
“Current Opinion tn Chemical Biology, Vol. 6, pp.427433,
(2002); I. A. Hemmild and P. Hurskainen, “Novel detection
strategies for drug discovery,”Drug Discovery Today, Vol. 7,
pp. S150-S156, (2002). The arrays described in these papers

may be used with the present 1nvention.

[0073] In order to allow mass transport of a chemical to all
parts of a receptor deposited on an area of the substrate, it
1s preferable that there be some imhomogeneity of the
receptor 1n that deposited area. Regarding the inhomogene-
ity of the deposition, the amount of receptor on a 1 square
micron portion of the deposited area should be different from
the amount of receptor on another 1 square micron portion
by at least 10 percent. An alternative way of comparing the
amount of mnhomogeneity of deposited receptor on an area
involves measuring the amount of chemical 1n each 1 square
micron pixel within the deposited area, finding the average
amount of the chemical per square micron over the entire
deposited area, and calculating the standard deviation of the
amount of the chemical per square micron pixel. The stan-
dard deviation of the amount of the chemical per pixel
divided by the average amount of the chemical per square
micron of area should be greater than about 0.1% and
preferably greater than about 1%.

[0074] Receptors may be inhomogeneously deposited by
attaching the receptors to polystyrene beads, for example.
The points of attachment on polystyrene beads are random
and non-uniform. The attachment of receptors to beads 1s
described 1n U.S. patent application 20030027129 enfitled
“Method for Detecting Binding Events Using Micro-X-ray
Fluorescence Spectrometry,” which was published on Feb.
6, 2003, which describes the use of beads that were about
80-120 micrometers 1n diameter, with an average diameter
of about 100 micrometers.

[0075] The measured binding affinity of a chemical to a
receptor depends on the chemical environment and tempera-
ture. More specifically, the binding affinity of a chemical to
a receptor does not change when the chemical environment
does not change. External factors, however, may have an
cifect on the measured binding atfinity.

[0076] The free energy of binding of a chemical to a
receptor may be represented by the following equation:

AG=AH-TAS

[0077] where AG is the change in the Gibbs free energy of
the binding reaction, AH is the change 1n enthalpy of the
binding reaction, T 1s the temperature, and AS 1s the change
in entropy of the binding reaction (see, for example: Gordon
M. Barrow, Physical Chemistry, 5 Ed., McGraw-Hill, N.Y.,
1988, Chapter 7). The temperature should be constant to
avold changing the TAS term, because changes to the TAS
term would introduce temperature derived artifacts into the
measurements. AG will also be affected by, for example, the
presence ol materials that coordinate to the receptor and/or
chemical. Bonds that form between these materials and the
receptor and/or chemical must be broken before the chemi-
cal can bind to the receptor. Energy is required to break these
bonds, and this energy will be factored into AG of the
equation, and will make AG of binding between the chemi-
cal and receptor appear smaller than 1t actually 1s. Therefore,
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in order to obtain binding affinities for a chemical with
multiple receptors, the chemical environment for the recep-
tors and chemicals should not change. In addition, the
temperature should not vary between measurements and all
measurements should be taken at substantially the same
temperature, i.e. within +3° C., and more preferably within

+1° C.

[0078] For drug development, the chemical environment
preferably approximates that of the physiological environ-
ment. Useful drugs should perform optimally at, or near,
physiological temperatures. One aspect of this mnvention 1s
related to determining binding selectivities at or near the
temperature of the body, which 1s about 37 degrees Celsius.
Preferably, the exposure of receptors to chemicals/analogs/
drugs according to this invention is typically performed at a
temperature of from about 15 degrees Celsius and about 45
degrees Celsius, and more preferably 1s between 32 degrees
Celsius and 42 degrees Celsius, and most preferably at a
temperature of about 37 degrees Celsius.

[0079] Useful drugs should also perform optimally in the
presence of other, potentially interfering chemicals that are
also present 1n a physiological environment. The therapeutic
index provides an estimate of the performance of a drug.
Simple estimates of a therapeutic index may be obtained for
a chemical 1n a solution that does not contain potentially
interfering chemicals. More realistic estimates of the thera-
peutic mdex are obtained when the chemical 1s 1n an
environment that more closely approximates biological con-
ditions. An example of such an environment 1s a buifered
solution that contains chemicals that are typically found in
biological organisms (e.g. blood-borne ligands).

[0080] For medical purposes, such as the development of
new therapeutic chemicals (1.e. drugs), the ratio of the
binding affinity of a chemical to the target receptor versus
the binding affinity of that chemical to one or more other
receptors (which is an estimate of the therapeutic index
according to the present invention) is important to know. It
1s also important to know the binding affinity and the
therapeutic index estimate of the chemical for these recep-
tors 1n typical chemical environments and 1n the presence of
common biological ligands. The binding affinity may be
measured 1n the presence of, for example, blood-borne
proteins, ligands, fats, triglycerides, and fatty acids. These
proteins and ligands may function as a proxy for distribution
of the chemical between the circulatory system and cells.
Fats, triglycerides, and fatty acids may function as a proxy
for the distribution of the chemical between fat cells (or cell
membranes) and the target receptor, as well as for passive
transcellular transport.

[0081] Another aspect of the present invention is related to
determining whether or not a first chemical and a second
chemical have similar selectivity for binding to each of a
plurality of receptors. For example, if a baseline 1s obtained
for receptor 1 and receptor 2, and then if chemical A and
chemical B and chemical C are exposed to receptor 1 and
receptor 2, and the baseline 1s subtracted from the XRF
signals after exposure, the similarity of the binding selec-
fivities can be assessed. For this example, chemical A and
chemical B are both are selective for Receptor 1 versus
Receptor 2 by about an order of magnitude, while chemaical
C 1s not selective for Receptor 1 versus Receptor 2, as shown

in TABLE 2 below.
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TABLE 2
Receptor 1 Receptor 2
Chemical A 10
Chemical B 11
Chemical C 1

[0082] This aspect of the invention may be exemplified
with specific receptors having known properties. For
example, Receptor 1 may be exemplified by COX-1 (inhi-
bition of which 1s associated with intestinal ulcers) and
Receptor 2 may be exemplified by COX-2 (inhibition of
which 1s associated with anti-inflammation).

[0083] TABLE 3 below includes selectivity data for
sample canine COX-1 and COX-2 (see, for example: Chris-
topher Jones, Practical COX-1 and COX-2 Pharmacology:
What’s 1t All About?,” which can be found at the website
http://www.vetmedpub.com/cp/pdf/symposium/nov1.pdf).

TABLE 3
COX-1 COX-2
Celecoxib 1 9
Meloxicam 1 10
Ketoprofen 1 .6
New Drug (goal) 1 >10

[0084] TABLE 3 compares the selectivity of CELE-
COXIB, MELOXICAM, and KETOPROFEN for the recep-
tors COX-1 and COX-2. According to TABLE 3, CELE-
COXIB has a selectivity of 9 to 1 1n favor of COX-2 versus
COX-1, and MELOXICAM has a selectivity of 10 to 1 also
in favor of COX-2 versus COX-1, while KETOPROFEN

has a selectivity in favor of COX-1 versus COX-2 of only 1
to 0.6. Drug development mvolves finding/developing new
drugs that have superior selectivities (i.e. superior therapeu-
tic indices) versus existing drugs. The discovery/develop-
ment of more selective drugs than those shown 1n TABLE 3
may 1nvolve measuring the selectivity of a new drug and
comparing 1ts selectivity to that of the more effective drugs
¢.g. CELECOXIB. The goal would be to develop a new drug

with superior selectivity for COX-2 over COX-1 as com-
pared to CELECOXIB.

[0085] A new drug should be at least one percent more
selective, and more preferably more than 5 percent more
selective than an existing, effective drug.

[0086] An example that demonstrates how the present
invention may be used to provide information related to the
selectivity of a plurality of receptors to a chemical 1s now
described. The chemical 1s the lead 10on. For this example, a
library consisting of 400 tripeptide receptors was prepared
by split-pool synthesis. Each receptor of the library was
covalently attached to a spherical polystyrene resin particle.
The particles had an average size of about 100 microns. The
library of receptors was exposed to an aqueous solution,
having a pH of 7, of lead nitrate (7 mM). A portion of the
library of receptors was then analyzed by XRF. The XRF
intensity and relative binding affinity of three of the recep-
tors for lead 1on are shown in TABLE 4 below.
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TABLE 4
Receptor Pb XRF Signal Relative Binding Affinity
Receptor 4.1 991.93 1.11919349
Receptor 4.2 924.94 1.04360875
Receptor 4.3 886.29 ]

[0087] Another example that demonstrates how the
present 1mvention may be used to provide information
related to the selectivity of a plurality of receptors to two
chemicals 1s now described. The two chemicals are the lead
ion and the 1ron 1on. For this example, a library consisting
of 400 tripeptide receptors was prepared by split-pool syn-
thesis. Each receptor of the library was covalently attached
to a spherical polystyrene resin particle. The particles had an
average size of about 100 microns. The library of receptors
was exposed to an aqueous solution (pH 7) of lead nitrate (7
mM) and iron nitrate (7 mM). A portion of the receptors was
then analyzed by XRF. The XRF intensity and relative
binding affinity of two of the receptors for lead 10n and 1ron
ion are shown 1 TABLE 5 below.

TABLE 5

Pb XRF Intensity/
Pb XRF Intensity Fe XRF Intensity Fe XRF Intensity

505
252

4.54
51.95

2295
13092

Receptor 5.1
Receptor 5.2

|0088] The first entry of TABLE 5 relates to data obtained

for the receptor labeled receptor 5.1, and the second entry
relates to XRF data obtained for the receptor labeled recep-
tor 5.2. The Pb XRF 1ntensity of receptor 5.1 1s 2295, the Fe
XRF 1ntensity, 1s 505, and the ratio of Pb XRF intensity to
the Fe XRF intensity, which indicates the selectivity of
receptor 5.1 for binding to lead versus binding to 1ron, 1s
4.54. Similarly, the Pb XRF intensity for receptor 5.2 1is
13092, the Fe XRF intensity 1s 252, and the ratio of the Pb
XRF intensity to the Fe XRF intensity 1s 51.95. The ratio of
51.95 to 4.54, which equals 11.4, indicates that receptor 5.2
1s 11.4 times as selective for lead than receptor 5.1 1s.

[0089] For drug development, it is desirable to understand
how the drug will bind to a receptor. Drug development may
involve systematically varying the chemicals being tested
for theirr atfinities to one or more receptors, 1 order to
optimize the binding affinity of one of these chemical
analogs to a desired receptor-and to optimize the therapeutic
index, 1.e. the ratio of the afhinity of the chemical to a desired
receptor to the affinities of that chemical to undesired
receptors. This systematic variation of chemicals for drug
development 1s sometimes referred to as a drug development
analog program. The development of a potential new drug
using analogs and XRF according to the present invention
involves determining the binding atfinity of a potential drug
to multiple receptors, and comparing these binding affinities
to provide selectivity information. This process 1s completed
for a first chemical, and then completed for a second
chemical that 1s an analog of the first chemical. Then the
binding affinities and selectivities for the first chemical and
for its analog are compared to determine which of the two
1s the more selective. This may involve mixing the {first
chemical with one or more receptors, allowing a receptor-
chemical complex to form, and then measuring the amount
of receptor-chemical complex formed using XRE, then

12
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repeating these steps with the analog. Any complexes that
form with the analog would also be measured by XREF. This
may be repeated with additional analogs of the first chemi-
cal.

[0090] There are several criteria that may be used to
determine whether chemicals are analogs of the first chemi-
cal. One criterion 1s whether the first chemical and another
chemical have one or more properties in common. The
similarity may be determined by computational modeling,
such as a “Quanfitative Structure Activity Relationship”
(QSAR, see, for example: R. Perkins et al., “Quantitative
Structure-Activity Relationship Methods: Perspectives on
Drug Discovery and Toxicology,” Environmental Toxicology
And Chemistry, vol. 22, pp.1666-1679 (2003); and T. W.
Schultz et al., “Quantitative Structure-Activity Relation-
ships (QSARs) in Toxicology: a Historical Perspective-
"THEOCHEM, vol. 622, pp.1-22 (2003), both incorporated

by reference herein).

[0091] QSAR models compare the charge, polarity, hydro-
ogen-bonding donor/acceptor pattern, lipophilicity, volume,
and other properties of chemicals to determine whether two
or more chemicals are likely to have similar binding prop-
erties for a receptor.

[0092] Another criterion for determining whether two
chemicals are analogs of each other relates to whether the
two chemicals have a common functional group and where
that functional group 1s attached. The following clarifies
what 1s meant by the term analog. Benzene, methylbenzene,
ethylbenzene, isopropylbenzene, and n-propylbenzene, for
example, are analogs of each other. Olanzapine and trifluo-
romethylolanzapine are analogs of each other. Methyl sali-
cylate, ethyl salycylate, phenyl salicylate, N-methyl salicy-
lamide, N,N-dimethylsalicylamide, and salicylic acid are
analogs of each other. The aromatic compounds 4-chloro-
toluene and 3-chlorotoluene are analogs of each other.
Cyclopentane, cyclohexane, and cycloheptane are analogs
of each other. Benzene, pyridine, and thiophene are analogs.
Ethyl benzene and methoxybenzene are analogs of each
other. Ethyl benzene, ethenyl benzene (i.e. styrene), and
ethynyl benzene (1.€. phenyl acetylene) are analogs of each
other. More generally, enantiomers of a chemical are analogs
of each other; diastereomers are also analogs of each other.

[0093] A third criterion for determining whether two
chemicals are analogs 1s related to whether the two chemi-
cals share atoms having the same connectivity, where the
term connectivity 1s meant to describe the shortest path of
atoms that connect two functional groups. For example,
1,2-diclorobenzene and 1,2-dinitrobenzene have the same
connectivity between the two functional groups; the con-
nectivity between the chlorine groups in the chemical 1,3-
diclorobenzene 1s the same as the connectivity between the
two nitro groups 1n the chemical 1,3-dinitrobenzene.

10094] Preferably, a chemical being tested for binding
with a receptor according to the present invention includes
at least one chemical element having an atomic number of
nine or higher. Excitation photons used with the present
invention should have energies of at least 300 eV. The
excited atoms should have a fluorescence half-life of 10 ns
or less. The importance of having such a short fluorescence
lifetime 1s related to the “dead time”, which 1s a period of
time after the x-ray fluorescence 1s measured. No additional
x-ray fluorescence can be measured during the dead time.
Preferably, the fluorescence lifetime of the type of atom
being measured should be less than the dead time of the
detector. More preferably, the fluorescence being measured
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should have a fluorescence half-life of 10 nanoseconds (ns)
or less, and most preferably the fluorescence being measured

should have a half-life of 100 picoseconds (ps) or less.

[0095] If a mixture of chemicals, as opposed to a single
chemical, 1s used, only one of the chemicals 1s required to
have a heavy element. If more than one has a heavy element,
and the heavy element 1s the same element, then a baseline
XRF measurement of the binding atfinity of each of the
chemicals with that element to one or more receptors should
be obtained. The measurements may be obtained sequen-
tially, e.g. by measuring the XRF spectrum of each receptor
of an array, then exposing the receptors of the array to a
chemical, then measuring the XRF spectrum of the array
after exposure to the chemical, then adding another chemi-
cal, then measuring the XRF spectrum of the array after
exposure to the other chemical. This process may be
repeated for as many chemicals as desired.

[0096] After measuring binding affinities between recep-
tors and chemicals, the receptors may be analyzed 1 terms
of any of their particular structural of functional features
than may promote binding or inhibit binding. A variety of
analytical techniques useful for performing this type of
analysis include spectroscopy (e.g. infrared spectroscopy,
fluorescence spectroscopy), spectrometry (€.g. mass spec-
trometry, nuclear magnetic resonance spectrometry, surface
plasmon resonance), functional assays, and the like.

[0097] The binding properties of a receptor to a chemical
may be correlated with a positive, or with an adverse,
response of an animal, clinical trial participant, or medical
patient. For the case of clinical trial participants, for
example, those participants who respond adversely to the
drug candidate may have a different receptor aflinity or
selectivity than participants that respond positively to the
drug candidate.

[0098] One aspect of the invention may be demonstrated
using an array prepared as described 1n Kukar et al., “Protein
Microarrays to Detect Protein-Protein Interactions Using
Red and Green Fluorescent Proteins,”Analytical Biochem-
istry, vol. 306, pp. 50-54 (2002). The baseline sulfur content
of the receptors of the array would be measured using x-ray
fluorescence spectroscopy. Afterward, the receptors of the
array would be exposed to a solution of olanzapine, which
has the structural formula

CH;
/
<7N
)
e ‘/N"‘“‘
NN /
/ S CH;

Olanzapine

[0099] and the chemical formula C,-H, N,S (olanzapine
is the active ingredient in ZYPREXA®). Afterward, the
sulfur content of each receptor would be measured again
using x-ray fHuorescence microscopy. The difference in
sulfur content between the two measurements 1s related to
the binding of olanzapine to receptors the array.
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[0100] It 1s believed that the therapeutic effects of olan-
zapine are a result of olanzapine binding to several recep-
tors, including the human serotonin SHT2A receptor (see,
for example: http://www.gpcr.orq). Toxic effects are
believed to occur as a result of olanzapine binding to
alpha-1-adrenergic (NAal) receptors (see, for example:
“Olanzapine (Zyprexa®)” in Clinical Toxicology Review,
vol. 18, no. 2, March 1997. The pKi (where pKi=-log Ki,
where Ki is the inhibition equilibrium constant) of olanza-
pine for SHT2A 1s reported to be 7.8-8.9, while the pKi of
olanzapine for NAal 1s reported to be 6.3-7.6. If the binding
of the chemical to a receptor also mhibits that receptor, then
the pKa and the pKi of the chemical have the same value.

[0101] The selectivity of binding of olanzapine to NAal
versus SHT2A may be measured by first preparing an array
of NAal and 5HT2A on a substrate, then measuring the
baseline sulfur content of each enzyme using XRE, then
contacting the arrayed enzymes with a solution of olanza-
pine, and then measuring the total amount of sulfur using
XRF, and then subtracting the baseline amount of sulfur
from the total amount of sulfur, which indicates the amount
of olanzapine that binds to each enzyme.

10102] From the binding data obtained for olanzapine, it

appears that chemicals useful as drugs form a complex with
at least one receptor that has a pKi of greater than 5.

[0103] According to the invention, the X-ray excitation
beam 1s used to excite one receptor at a time. The tempera-
ture of the array should be kept constant so that each x-ray
measurement 1s performed at the same temperature, or at
nearly the same temperature (3 degrees Celsius). For the
case of measuring the binding of olanzapine to each recep-
tor, for example, each measurement should be performed at
the same temperature or at nearly the same temperature
because the binding affinity changes as the temperature
changes.

10104] After the selectivity of the olanzapine for binding
to SHT2A and to NAal 1s measured, additional chemicals
can be similarly measured 1n order to determine whether any
other chemical has a better selectivity for SHT2A versus
NAal. A chemical such as the trifluoromethylolanzapine,
which has the structural formula

N
/\‘/ =
NN / \
/ S CF;
H

trifluoromethylolanzapine

[0105] for example, may be screened against the same
receptor array, or screened against another receptor array
having the same proteins, and the binding selectivity for
trifluoromethylolanzapine can be measured If the selectivity
of trifluoroolanzapine for SHT2A versus NAal 1s greater
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than the selectivity of olanzapine 1s, then trifluoromethy-
lolanzapine would be expected to be a superior drug.

[0106] Another aspect of the present invention relates to
the determination of the kinetic parameters of an interaction

between a chemical and a receptor.

[0107] After the baseline i1s measured or calculated for a
receptor, as previously described, the receptor 1s exposed to
a chemical at a particular temperature. The temperature 1s
preferably a fixed temperature, preferably between about 27
degrees Celstus and about 47 degrees Celsius and more
preferably 1s a fixed temperature between about 32 degrees
Celsius and about 42 degrees Celsius. The XRF signal of any
receptor-chemical complex formed 1s then measured. After
taking this measurement at a first fixed temperature, the
temperature 1s adjusted so that 1t 1s different from the first
temperature by at least 2 degrees Celsius. The XRF signal
should then be measured for the sample at this new tem-
perature.

[0108] Alternatively, the first measurement and second
measurement can be performed as follows. The receptor and
chemical can be mixed {first at one temperature, and next at
a different temperature. Then, the chemical-receptor com-
plexes that form are isolated (e.g. by spatially separation) so
that any chemical that was bound to the receptor remains
spatially associated with the receptor. The XRF measure-
ments may then be obtained at any temperature desired.

[0109] The kinetic parameters for the formation of a
receptor-chemical complex may similarly be determined by
obtaining the baseline XRF signal for at least one receptor
as described above, followed by exposing the receptor to a
first solution of a chemical where the chemical 1s present 1n
a fixed concentration. The XRF signal of any chemical-
receptor complex 1s then measured. These steps are then
repeated with a second solution having a different concen-
tration of the chemical. The contact times between the first
solution and the receptor and the second solution and the
receptor are measured 1n order to determine the rate of the
binding reaction, which 1is related to the amount of complex
formed per unit time. Preferably the contact times between
the first solution and the receptor and the second solution
and the receptor are the same.

[0110] The method may also be practiced using a solution
having a concentration gradient; using a concentration gra-
dient 1s similar to using two solutions at two different times.

The reaction kinetics may then be determined, as described
in Gordon M. Barrow, Physical Chemistry, 5™ Ed.,

McGraw-Hill, N.Y., 1988, chapter 18. The activation param-
eters AG™, AH™, AS™ may be determined using the Arrhenius
equation (see, for example: Gordon M. Barrow, Physical
Chemistry, 5™ Ed., McGraw-Hill, N.Y., 1988, pp. 710-712.)
and the Eyring equation (see, for example: Gordon M.
Barrow, Physical Chemistry, 5™ Ed., McGraw-Hill, N.Y,,
1988, pp. 756-757.)

[0111] This aspect of the invention may be demonstrated
by preparing a protein array that includes at least one protein
receptor (see, for example: Kukar et al., “Protein Microar-
rays to Detect Protein-Protein Interactions Using Red and
Green Fluorescent Proteins,”Analyiical Biochemistry, vol.
306, pp. 50-54 (2002), incorporated herein by reference).
The baseline sulfur content of the protein spots of the array
1s determined using x-ray fluorescence spectroscopy. After
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determining the baseline sulfur content, the protein array 1s
contacted with a solution of olanzapine. Afterward, the
sulfur content of each protein spot 1s determined again using
x-ray fluorescence microscopy. The difference in sulfur
content between the two measurements for each protein spot
1s then quantified. This difference 1s related to the binding of
olanzapine to proteins in the array.

[0112] In order to measure the rate of binding of olanza-
pine to SHT2A, a solution of olanzapine may be contacted
with a SHT2A. The 5SHT2A may be 1n solution, or as part of
an array ol proteins, or associated with a substrate. If the
SHT2A 1s 1n solution, 1t should be immobilized 1n some
manner, such as in the manner described in U.S. patent
application Ser. No. 10/621,825 enfitled “Method and Appa-
ratus for Detecting Chemical Binding”. Any increase in the
sulfur XRF signal, which 1s presumably due to an increase
in the amount of olanzapine that 1s bound to SHT2A, may be
measured periodically over time to determine the rate at
which olanzapine binds to SHT2A. This may be repeated
using solutions having various concentrations of olanzapine,
and at different temperatures 1n order to determine the rate
of binding at different temperatures; this 1s important for
determining the activation parameters AG™, AH™, AS™, as
well as for determining the binding kinetics that would be
expected for a healthy patient (37° C.) versus a patient with

a mild (38° C.) or severe (>38° C.) fever.

[0113] For examining a chemical that is a candidate for
drug discovery according to the present invention, it 1s
preferable that the chemical has one or more features that
have come to be known as “Lipinski” features, described in
C. A. Lipinski et al., “Experimental And Computational
Approaches To Estimate Solubility And Permeability In
Drug Discovery And Development Settings,”Advanced
Drug Delivery Reviews, vol. 23, pp. 3-25, (1997). These
features include the following: a molecular weight equal to
or less than about 500 daltons; a number of hydrogen bond
acceptors that 1s equal to five or less; a number of hydrogen
bond donors that 1s equal to ten or less; and a logP of five
or less where P 1s the ratio of the solubility of the chemical
in octanol to the solubility of the chemical 1n water. Elabo-
rating on the hydrogen bond acceptor properties of drug
candidates, 1t 1s preferable that the chemical has the property
that the sum of nitrogen, oxygen, sulfur, fluorine, chlorine,
bromine, and 1odine groups available for hydrogen bonding
in the chemical 1s five or less. For the purposes of counting
hydrogen bond acceptors, each of the following 1s counted
as a single hydrogen bonding acceptor: difluoromethyl
ogroups, trifluoromethyl groups, dichloromethyl groups,
trichloromethyl groups, dibromethyl groups, tribromethyl
groups, ester groups, amide groups, carboxylic acid groups,
urea groups, and carbamate groups. Also for the purposes of
counting hydrogen bond acceptor groups, the following are
not counted as a hydrogen bond acceptor: nitro groups,
nitroso groups, and cyano groups.

[0114] While the Lipinski features suggest that a molecu-
lar weight of less than about 500 1s preferable, Hemmila
(vide infra) reported that chemicals having a molecular
welght of 5000 daltons or less cannot be tagged with an
optical tag without overly perturbing their binding proper-
ties, such as binding affinities (see I. A. Hemmild and P.
Hurskainen, “Novel detection strategies for drug discovery,
”Drug Discovery Today, Vol. 7, pp. S>°-8°° (2002)). The

present mnvention does not employ tags and thus can be used
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for studying the binding of chemicals that have a molecular
welght of 5000 daltons or less.

|0115] For a chemical having hydrogen bond donor
groups, 1t 1s preferable that the chemical has the property
that the sum of hydrogen atoms bound to sulfur, nitrogen,
and oxygen 1n the chemical 1s ten or less.

[0116] For drug candidates, it is preferable that chemical
1s soluble 1n water. The chemical should be dissolved m a
fluid that includes water, preferably with a pH of from about

pH 6 to about pH 8.

[0117] The chemical may have zero, one, or more than one
chiral center. A chemical sample that contains equal amounts
of each enantiomer may be used. Once 1t has been deter-
mined using the invention that the chemical binds to a
receptor, the chemical may be analyzed to determine which
particular enantiomer, 1f any, 1s bound to the receptor. For
the case of more than one enantiomer binding to the recep-
tor, 1t may be determined which 1s bound more strongly to
the receptor. It 1s important to determine which receptor(s)
bind to each enantiomer of the chemical 1n order to identity
any potential side effects of a toxic enantiomer. Thalido-
mide, for example, 1s a chemical that was used to treat
morning sickness until 1t was discovered that a toxic enan-
tiomer of the chemical was responsible for birth defects.

[0118] In order to optimize the balance between the speed
of analysis versus the sensitivity of the XRF technique, it 1s
preferable that a sample of receptor, or chemical-receptor
complex, be exposed to the X-ray excitation beam for a
period of time from about 100 milliseconds to about 600
seconds. To further optimize speed versus sensitivity, it 1s
preferable that the x-ray excitation beam spends more time
focused on a pixel that contains receptor and/or receptor-
chemical complex than on a pixel that 1s substantially devoid
of receptor or receptor-chemical complex. This way, less
time 1s wasted analyzing parts of a sample that have little
useful information.

[0119] An x-ray translucent barrier may be used with a
receptor or receptor array in order to minimize evaporation
and evaporative cooling of receptors and/or chemaicals.

[0120] Another aspect of the present invention relates to
use for personalized medicine. Personalized medicine 1s
described m “Personalized Prescribing,” The Scientist,
15[12]:10, Jun. 11, 2001, incorporated herein by reference.
Personalized medicine 1s important because 1t 1s expected to
decrease the number of adverse drug reactions, which cur-
rently result 1 the deaths of about 100,000 hospitalized
patients per year, and cause serious side elffects in another
2.2 million people. Personalized medicine currently relies on
genotyping a patient in order to guide the physician in
administering drugs to the patient. This genotyping focuses
on single nucleotide polymorphism (SNP) analysis. The cost
per SNP analysis currently 1s about 1 dollar per SNP, but
with the current poor understanding of pharmacogenomics
and the large number of possible SNP’s (thousands), it is
believed that costs related to SNP analysis must decrease to
pennies per SNP before SNP analysis becomes more widely
used. The analysis provided using the present invention, by
contrast, allows phenotyping and direct analysis of drug
interactions with protein profiles, thus providing higher
quality information about the particular patient and disease

[0121] Thus, the present invention may be used in per-
sonalized medicine to assist physicians in prescribing drugs
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for their patients. A protein array, such as an array on a
commerclally available protein chip manufactured by
Ciphergen™ or Zyomyx™, for example, may be exposed to
protein extracts from a cancer patient. In this case, as 1n
others where there 1s a clear difference between diseased
tissue and healthy tissue, extracts from the tumor and from
healthy tissue would be taken from the patient. After expos-
ing the chip to the extracts, a baseline XRF baseline spec-
trum would be obtained. Solutions of each drug that the
doctor 1s considering for treating the tumor would then be
contacted with the protein chip. The binding affinity of each
drug would then be measured according to the invention,
which 1nvolves measuring the XRF signals for heavy ele-
ments present 1n the drug-receptor complex, subtracting out
the baseline from this measurement, and then comparing the
signals to see which drug exhibits a more selective binding
to the tumor versus the healthy tissue and/or which drug
binds more strongly to the tumor.

[0122] The efficacy of a drug may be correlated with the
binding affinity of the drug for diseased tissue; more effi-
cacious drugs tend to bind more strongly to proteins asso-
clated with a disease than less efficacious drugs do. Side
clfects of a drug may be correlated with the ability of the
drug to bind to healthy tissue. The choice of which drug to
prescribe may be based on the ability of the drug to bind
strongly to the diseased tissue (or to proteins associated with
the diseased tissue) and to bind weakly, or not at all, to
healthy tissue (or to proteins associated with health tissue).
A cancer biopsy sample (i.e. from a tumor), for example,
may be lysed and arrayed on an analytical protein chip. The
chip would then be exposed to a variety of chemotherapy
drugs (or even cold radiopharmaceutical surrogates) and the
relative binding atfinities of the different drugs to the arrayed
biopsy sample would guide the course of treatment. Side
clfects could be quantified and minimized by performing a
similar assay using non-cancerous tissue, and selecting the
drug based on mimimized drug-enzyme interactions. This
method may also be used with drug mixtures, which are
sometimes referred to as cocktails™.

[0123] The invention may be used for participant stratifi-
cation 1n clinical trials of proposed drugs. Currently, par-
ticipant stratification methods are based on DNA chips,
where genomic profiles are correlated with the variation in
participant response to chemicals (e.g. drug candidates). The
correlation of genomic proiiles with patient response 1s
sometimes referred to as “pharmacogenomics”. Genomic
proiiles are several steps removed from the proteomic profile
of a participant 1n a clinical trial of a drug; genetics and
environmental factors affect which proteins are expressed.
Drugs regulate protein behavior, and so the protein make-up
of a particular participant and how those proteins interact
with the drug(s) in a course of clinical trials will provide the
best information for participant stratification. Protein chips
have become mexpensive and commercially available.

[0124] Regarding the use of the invention for participant
stratification 1n a clinical trial of a drug such as an anti-
cancer drug, a protein array on a protein chip may be
exposed to protein extracts from a cancer patient, as
described above. Protein extracts of the tumor and of healthy
fissue would be taken from the patient. After exposing the
chip to the extracts, a baseline XRF baseline spectrum would
be obtained. Solutions of each drug being tested 1n the trial
would then be contacted with the protein chip having the



US 2004/0235059 Al

bound proteins. The binding atffinity of each drug would then
be measured according to the invention, which involves
measuring the XRF signals of heavy elements present 1n the
drug-receptor complex, subtracting out the baseline from
this measurement, and then comparing the signals to sce
which drug exhibits a more selective binding to the tumor
versus the healthy tissue and/or which drug binds more
strongly to the tumor. This information may then be corre-
lated to the efficacy, toxicity, and side effects of the drugs as
measured in the clinical trials. The importance of clinical
trial stratification 1s that if a drug can be shown to only have
unacceptable side effects for people with specific genomic
and/or proteomic profiles (i.e. a strata), the drug may be
approved for other strata for which the drug has acceptable
side effects. This process may allow drugs that would
otherwise be rejected by the Food and Drug Administration
or other regulatory agencies to be accepted for a more
limited use, thereby allowing drug candidates to be used that
would otherwise be rejected.

[0125] Another aspect of the invention relates to drug
manufacturing. The drug manufacturing process 1s lengthy,
typically including a period of time where a new drug is
discovered, another period of time where the drug 1s devel-
oped, more time where the drug 1s tested with animals and
then humans, and more time where the drug i1s synthesized
on a larger and larger scale. Discovery involves determining
which chemicals are likely to be effective drugs, and 1s often
conducted by measuring the interaction between a chemical
and a receptor (sometimes referred to in the art as a
“druggable target”). Development involves in vitro testing
to estimate the likely side effects and pharmacokinetics of a
chemical. Animal testing 1s used to determine whether the
drug 1s safe 1n amimals, and are sometimes used to determine
whether a drug 1s effective 1n animals. If the drug 1s deemed
suificiently safe 1n animals, 1t may be administered to human
volunteers 1n clinical trials to determine human safety and
eficacy. If a drug 1s deemed safe and effective 1n human
volunteers, 1t may be mass-produced for use by physicians
and patients. All of these steps are necessary.

[0126] The invention may be used to estimate the efficacy
of a chemical (analog, drug). Measuring the affinity of one
or more chemicals for a druggable target fulfills the discov-
cry step.

[0127] The invention may be used to estimate side effects
and/or pharmacokinetics by measuring the binding selectiv-
ity of one or more chemicals for a druggable target versus
other proteins that may be associated with side effects or
pharmacokinetics. Animal studies and human studies may
then be performed, followed by mass production of the drug
using chemical synthesis or biological synthesis.

[0128] Another aspect of the invention relates to its use in
measuring post-translational modification of proteins, such
as the phosphorylation or dephosphorylation of one or more
proteins. Phosphorylation and desphosphorylation reactions
are described by K. Martin et al. in “Quantitative Analysis
Of Protein Phosphorylation Status And Protein Kinase
Activity On Microarrays Using A Novel Fluorescent Phos-
phorylation Sensor Dye,”Proteomics, vol. 3, pp. 1244-1255
(2003). This paper describes the need for radioactive label-
ing and fluorescent tageing; however, both radioactive label-
ing and fluorescent tagging are unnecessary in view of the
present invention, which can measure the amount of phos-
phorus directly 1in an untagged protein using XRF.
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[0129] An example of the use of the invention for mea-
suring post-translational modifications may include estab-
lishing a baseline X-ray fluorescence signal for a heavy
element (i.e. an element having an atomic number of nine or
greater), such as phosphorus, in a portion of a protein. The
portion of protemn 1s then exposed to reaction conditions
such as those described by K. Martin et al. in “Quantitative
Analysis Of Protein Phosphorylation Status And Protein
Kinase Activity On Microarrays Using A Novel Fluorescent
Phosphorylation Sensor Dye,”Proteomics, Vol. 3, pp.1244-
1255, (2003), which alter the amount of phosphorus in the
protemn. The x-ray fluorescence signal due to the element
would then be remeasured using XRF. Subtracting the
baseline x-ray fluorescence signal from the remeasured
x-ray fluorescence signal provides a net X-ray fluorescence
signal that may be correlated with the amount of the element
in the protein, which provides an estimate of the extent of
phosphorylation of the protein.

[0130] The following EXAMPLES provide an illustration
of various aspects of this mnvention.

EXAMPLE 1

[0131] Binding of ziprasidone to protein receptors. A
protein array may be prepared as described 1n G. MacBeath
and S. L. Schreiber, “Printing Proteins As Microarrays For

High-Throughput Function Determination,”Science, vol.
289, pp. 1760-1763, (2000). This protein array may be

exposed to a solution of ziprasidone, which 1s the active
ingredient 1in the drug Geodon™. Ziprasidone has a molecu-
lar formula of C,;H,,CIN,OS and the structure shown
below.

RN

e

S"""--N

N/ \N
"/ \_/
\ /

Ziprasidone

[0132] The elements chlorine and sulfur may each be
detected by x-ray fluorescence. After the array 1s exposed to
the ziprasidone-containing solution, an EDAX Eagle Micro-
probe x-ray fluorescence microscope, for example, could be
used to determine the receptor proteins that bind to the
ziprasidone. The amount of ziprasidone that 1s associated
with each receptor may be quantified by x-ray fluorescence.

[0133] None of the proteins of the array are expected to
contain the element chlorine, so the chlorine x-ray fluores-
cence baseline may be assumed to be zero (although the
chlorine x-ray fluorescence baseline could be measured). At
least some of the proteins are expected to contain the
element sulfur (from sulfur containing amino acids such as
cysteine and methionine). Before exposing the array pro-
teins to ziprasidone, a baseline X-ray fluorescence signal for
sulfur may be obtained, and after exposure to the ziprasi-
done, the X-ray fluorescence signal due to sulfur would be
measured again. The difference 1n the sulfur signals would
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be used to determine whether any receptor-ziprasidone
complex formed, and measuring the amount of any such
complex that formed.

EXAMPLE 2

[0134] Binding of ziprasidone to DNA receptors. A DNA
array such as an Afftymetrix GeneChip™ may be exposed to
a solution that contains ziprasidone, as described 1n
EXAMPLE 1. After the array 1s exposed to the ziprasidone-
containing solution, an EDAX Eagle Microprobe x-ray
fluorescence microscope, for example, could be used to
determine the locations of those receptor DNA that bind to
the ziprasidone. The amount of ziprasidone that is associated
with each receptor may be quantified by x-ray fluorescence.

[0135] None of the DNA receptors of the array are
expected to contain the elements chlorine or sulfur, so the
chlorine X-ray fluorescence baseline and the sulfur X-ray
fluorescence baseline may be assumed to be zero. After
exposure to the ziprasidone-containing solution, the X-ray
fluorescence signal due to sulfur and/or chlorine would be
measured. The measured X-ray fluorescence signal(s) may
be used to determine whether any DNA-ziprasidone com-
plex formed, and measuring the amount of any such com-
plex that formed.

10136] The DNA receptors of the array may then be
analyzed to identify which of the DNA receptor(s) bind to

the ziprasidone and which fail to bind. With this informa-
tion, which 1s provided by this EXAMPLE, factors that
affect binding may be determined.

EXAMPLE 3

10137] Binding of DNA receptors to DNA probe mol-
ecules. A DNA array such as an Affymetrix GeneChip™
may be exposed to a solution of DNA molecules that may or
may not be complementary to the DNA on the array. If the
DNA 1 solution 1s not complementary to any of the DNA on
the array, then no binding 1s expected to occur. If the DNA
in solution were complementary to any of the DNA on the
array, then some binding would be expected to occur. DNA
molecules include the element phosphorus that 1s detectable
using x-ray fluorescence of the phosphorus atoms. After the
array 1s exposed to the solution of DNA, the array may be
analyzed using an EDAX Eagle Microprobe x-ray fluores-
cence microscope. The DNA receptors of the array that bind
to the added DNA from the DNA-containing solution may
be 1dentified by the phosphorus x-rays, and the amount of
added DNA that 1s associated with each receptor may be
quantified by the x-ray fluorescence signal.

|0138] Preferably, a baseline x-ray fluorescence signal for
cach portion of DNA receptor would be obtained before
exposing the receptor array to the DNA containing solution
to determine the phosphorus content of the DNA receptors
of the array. After exposing the array to the DNA solution,
the difference 1n the phosphorus x-ray fluorescence signals
after contact and before contact with the DNA solution may
be quantified and related to the binding of DNA from the
solution to various receptors of the array.

10139] This DNA receptor array used with the EXAMPLE
may be replaced with an array that includes other molecules,
such as RNA and peptides, to examine the binding of DNA
from a solution to these other receptors. RNA may also be
used as a probe molecule.
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EXAMPLE 4

[0140] Binding of drugs to protein receptors. A protein
array may be prepared as described in Kukar et al., “Protein
Microarrays to Detect Protein-Protein Interactions Using
Red and Green Fluorescent Proteins,”Analyiical Biochem-
istry, vol. 306, pp. 50-54 (2002). This protein array may be
exposed to a solution of olanzapine (the active ingredient in
Zyprexa®) and aripiprazole (the active ingredient in
Abilify™). Olanzapine has the chemical formula
C,-H,,N,S, and aripiprazole has the chemical formula
C,H,-,CI,N,O,. These molecules have the chemical struc-
tures shown below.

Olanzapine:
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Aripiprazole:
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Cl Cl

[0141] Olanzapine may be detected and quantified by the
x-ray fluorescence of its sulfur atom and aripiprazole may be
detected and quantified by the x-ray fluorescence of its
chlorine atoms.

[0142] After the array 1s exposed to the solution that
contains a mixture of aripiprazole and olanzapine, the array
may be analyzed using an EDAX Eagle Microprobe x-ray
fluorescence microscope. The protein receptors that bind to
olanzapine may be 1dentified by the sulfur x-rays. The
amount of olanzapine that 1s associated with each receptor
may be quantified by x-ray fluorescence. The protein recep-
tors that bind to aripiprazole may be 1dentified by the
chlorine x-rays. The amount of aripiprazole that 1s associ-
ated with each receptor may be quantified by x-ray fluores-
Cence.

[0143] Preferably, a baseline x-ray fluorescence signal for
chlorine and one for sulfur are measured for each receptor
before exposing the receptors to the solution. After contact-
ing the array with the solution, the sulfur and chlorine
content of each receptor would be measured again. The
difference 1n the measured sulfur and chlorine x-ray fluo-
rescence signal after contact and before contact with the
solution of aripiprazole and olanzapine solution may be
quantified and related to the binding of aripiprazole and
olanzapine to receptors 1n the array.
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EXAMPLE 5

|0144] Binding of drugs to protein receptors. A protein
array may be prepared as described 1in Kukar et al., “Protein
Microarrays to Detect Protein—Protein Interactions Using
Red and Green Fluorescent Proteins,”Analyiical Biochem-
istry, vol. 306, pp. 50-54 (2002). This protein array may be
exposed to a solution that contains a mixture olanzapine (the
active ingredient in Zyprexa®) and acetylsalicylic acid (the
active ingredient in aspirin). Olanzapine has the chemical
formula C,-H,,N_S, and acetylsalicylic acid has the chemi-
cal formula C,H,O,. Olanzapine may be detected and
quantified by the x-ray fluorescence of its sulfur atom.
Acetylsalicylic acid, however 1s more difficult to both to
detect and differentiate using x-ray fluorescence because it
only contains carbon, oxygen and hydrogen, the x-ray
fluorescence signals of which are overwhelmed by the
corresponding signals 1n the protein receptors.

10145] After the array is exposed to the solution, the array
may be analyzed using an EDAX Eagle Microprobe x-ray
fluorescence microscope. The protein receptors that bind to
olanzapine 1n the presence of acetylsalicylic acid may be
identified by the net X-ray fluorescence signal from sulfur.
The amount of olanzapine that 1s associated with each
receptor may be quantified by x-ray fluorescence.

[0146] Preferably, a baseline X-ray fluorescence measure-
ment for the protein receptors of the array would be obtained
before exposure to the solution containing acetylsalicylic
acid and olanzapine. This analysis may be used to determine
the sulfur content of the protein spots on the array. After
contacting the array with the solution, the sulfur content of
cach protein spot may be measured again. The difference in
the sulfur after contact and before contact with acetylsali-
cylic acid and olanzapine solution may be quantified and
related to the binding of olanzapine to various protein
receptors 1n the array when acetylsalicylic acid 1s present.

10147] For comparison, the procedure described above for
this EXAMPLE may be repeated using a solution that
includes olanzapine without acetylsalicylic acid 1n order to
determine whether the presence of acetylsalicylic acid has
any elfect on the binding affinity and binding selectivity of
olanzapine to the protein receptors. After contacting the
array with the solution containing olanzapine (without ace-
tylsalicylic acid), the sulfur content of each protein spot may
be measured again. The ditference 1n the sulfur after contact
and before contact with olanzapine solution may be quan-
tified and related to the binding of olanzapine to various
spots 1n the array when acetylsalicylic acid 1s not present.
The binding information may be compared to the binding of
olanzapine to various spots 1n the array when acetylsalicylic
acid 1s present.

10148] This EXAMPLE illustrates a particularly important
aspect of the present mnvention, which relates to estimating
the therapeutic index of a chemical (in this case, olanzapine)
and comparing 1t to an estimated therapeutic index of a
“cocktail” 1.e. a mixture of two or more chemaicals.

EXAMPLE 6

10149] Personalized Medicine. A question arises relating
to which antipsychotic drug, olanzapine or aripiprazole,
should be prescribed for a patient. A protein array would be
prepared as described, for example, 1n Kukar et al., “Protein
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Microarrays to Detect Protein—Protein Interactions Using
Red and Green Fluorescent Proteins,”Analytical Biochem-

istry, vol. 306, pp. 50-54 (2002).

[0150] This protein array would be exposed to a solution
of a mixture of olanzapine (C,-H,,N,S) and aripiprazole
(C,;H,.CI,N,0O,). Olanzapine may be detected and quanti-
fied by the x-ray fluorescence of its sulfur atom, and
aripiprazole may be detected and quantified by the x-ray
fluorescence of its chlorine atoms.

[0151] After the array 1s exposed to the solution, the array
would be analyzed using an EDAX Eagle Microprobe x-ray
fluorescence microscope. The receptor proteins that bind to
olanzapine may be identified by their sulfur x-rays. The
amount of olanzapine that 1s associated with each receptor
spot may be quantified by x-ray fluorescence. The receptor
proteins that bind to aripiprazole may be 1dentified by the
chlorine x-rays. The amount of aripiprazole that 1s associ-
ated with each spot may be quantified by x-ray fluorescence.

[0152] Preferably, the a baseline x-ray fluorescence signal
for each receptor protein of the array i1s obtained before
exposure to the solution. After contacting the array with the
solution, the sulfur and chlorine content of each protein
receptor spot may be measured again. The difference 1n the
sulfur and chlorine after contact and before contact with the
solution may be quantified and related to the binding of
aripiprazole and olanzapine to the receptors in the array.

[0153] An therapeutic index for this patient for olanzapine
and one for aripiprazole may be estimated using the x-ray
fluorescence data. These estimated indices may be used to
oguide the choice of drug to be administered.

EXAMPLE 7

|0154] Patient Stratification. A series of protein arrays may
be prepared as described 1n Kukar et al., “Protein Microar-
rays to Detect Protein—Protein Interactions Using Red and
Green Fluorescent Proteins,”Analyiical Biochemistry, vol.
306, pp. 50-54 (2002). The protein arrays would be prepared
using samples from participants 1n clinical trials of pharma-
ceutical compounds and/or formulations. This 1s an
EXAMPLE for a study for determining the safety and/or
efficacy of olanzapine.

[0155] The protein arrays described above would be
exposed to a solution that includes olanzapine (C1,H, N, S).
Olanzapine may be detected and quantified by the x-ray
fluorescence of 1its sulfur atom.

[0156] After the array is exposed to the solution, the array
may be analyzed using an EDAX Eagle Microprobe x-ray
fluorescence microscope. The protein receptors that bind to
olanzapine may be 1dentified by the x-ray fluorescence
signal due to sulfur. The amount of olanzapine that is
associated with each protein receptor spot may be quantified
by x-ray fluorescence.

[0157] Preferably, a baseline x-ray fluorescence signal
would be obtained for each receptor before exposure to the
solution. This analysis may be used to determine the sulfur
content of the protein spots on the array. After contacting the
array with the solution, the sulfur content of each protein
spot may be measured again. The difference 1n the sulfur
content after contact and before contact with olanzapine
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solution may be quantified and related to the binding of
olanzapine to various protein receptors in the array.

[0158] The binding of olanzapine to various proteins or
classes of proteins may be then correlated with the results of
the clinical trial, in order to correlate protein-olanzapine
binding characteristics with safety and/or efficacy of various
formulations of olanzapine-based drugs.

[0159] It is preferable to use protein arrays rather than
DNA arrays for patient stratification, because proteins are
believed to control cell functions. However, this method
may also be used with DNA arrays, tissue arrays, cellular
arrays, and the like.

[0160] In summary, the present invention provides a
method for measuring binding selectivities between chemis-
cals and receptors. The 1nvention provides significant advan-
tages over known methods for measuring binding selectiv-
ity. Known methods often require either radioactive
chemicals, or chemicals that include a covalently attached
label that fluoresces upon exposure to ultraviolet excitation
radiation. Since the invention does not require radioactive or
chemically tageged materials, the problems dealing with the
handling of radioactive materials and the disposal of radio-
actively contaminated waste are avoided. Importantly, since
the use of artificially tagged materials 1s not required, there
can be no interference from the tag in the evaluation of the
binding affinity of the corresponding desired untagged mate-
rial. Further, in contrast to methods that require tags, the
method of the present invention can be used to evaluate the
binding affinity of materials that do not fluoresce while
exposed to ultraviolet radiation. It should be understood that
although tageed materials are not required, they could also
be used and this aspect of the invention offers a distinct
advantage in that the invention can provide a direct com-
parison of binding affinity of the untagged chemical with
that of the corresponding tagged surrogate. This comparison
could validate or invalidate the assumption that a particular
untageged chemical and its tageed surrogate have the same
binding affinity to a particular substrate.

[0161] The foregoing description of the invention has been
presented for purposes of 1llustration and description and 1s
not intended to be exhaustive or to limit the 1nvention to the
precise form disclosed, and obviously many modifications
and variations are possible 1n light of the above teaching.

[0162] The embodiment(s) were chosen and described in
order to best explain the principles of the invention and its
practical application to thereby enable others skilled in the
art to best utilize the invention in various embodiments and
with various modifications as are suited to the particular use
contemplated. It 1s intended that the scope of the mnvention
be defined by the claims appended hereto.

What 1s claimed 1s:

1. A method for estimating the binding selectivity of a
chemical having at least one heavy element to at least two
receptors, comprising:

establishing a baseline X-ray fluorescence signal for a
heavy element 1n a portion of a first receptor and 1n a
portion of at least one more receptor that may be the
same or different from the first receptor, the heavy
clement being present 1n a chemical to be tested for
binding to the receptors;
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exposing the receptors to the chemical and allowing the
chemical to bind to them to form a first chemical-
receptor complex and at least one more chemical-
receptor complex;

measuring the x-ray fluorescence signals due to the heavy
clement 1n the first chemical-receptor complex and 1n
the at least one more chemical-receptor complex;

subtracting the baseline x-ray fluorescence signal of the
first receptor from the measured x-ray fluorescence
signal of the of the first chemical-receptor complex to
obtain a first net x-ray fluorescence signal;

subtracting the baseline x-ray fluorescence signal of the at
least one more receptor from the measured x-ray fluo-
rescence signal of the of the at least one more chemical-
receptor complex to obtain at least one more net x-ray
fluorescence signal; and

estimating the selectivity of the chemical by dividing the
first net x-ray fluorescence signal by the amount of

receptor 1n the portion of the first receptor to obtain a
first quotient, dividing the at least one more net xX-ray
fluorescence signal by the amount of receptor in the

portion of the at least one more receptor to obtain at
least one more quotient, and then comparing the first
quotient to the at least one more quotient.

2. The method of claim 1, wherein the at least one more
receptor comprises a number of receptors from 1 to about
one hundred thousand.

3. The method of claim 1, wherein the step of establishing
the baseline x-ray fluorescence signals for the first receptor
and the at least one more receptor comprise measuring the
x-ray fluorescence signal of the heavy element present in the
receptor or calculating the x-ray fluorescence signal of the
heavy element in the receptor.

4. The method of claim 1, wherein all of the receptors are
exposed to the chemical within a temperature range of about
three degrees Celsius of each other.

5. The method of claim 1, wherein the chemical has a
molecular weight of less than about 5000 daltons.

6. The method of claim 1, wherein the chemical comprises
a number of hydrogen bond acceptors 1n the range of from
zero to five and a number of hydrogen bond donors 1n the
range ol from zero to ten.

7. The method of claim 1, wherein the chemical comprises
a logP of 5 or less.

8. The method of claim 1, wherein at least a portion of the
x-ray Hluorescence signal of any chemical-receptor complex
comprises photons that are due to fluorescence resonance

energy transfer and have an energy of greater than about 300
cV.

9. The method of claim 1, wherein the receptors are
obtained from a medical patient or from a participant 1n a
clinical trial.

10. A method for estimating the binding selectivity of a
chemical versus at least one analog of the chemical to at
least two receptors, the chemical and the at least one analog
cach having at least one heavy element, comprising:

establishing a baseline X-ray fluorescence signal for a first
heavy element 1n a first portion of a first receptor and
in a first portion of a second receptor, the first heavy
clement being present 1n a chemical to be tested for
binding to the receptors;
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establishing a baseline X-ray fluorescence signal for a
second heavy element in a second portion of the first
receptor and 1n a second portion of a second receptor,
the second heavy element being present 1n an analog of
the chemical to be tested for binding to the receptors;

exposing the first portions of the receptors to the chemical
and allowing the chemaical to bind to them to form a
first chemical-receptor complex and a second chemi-
cal-receptor complex;

measuring the x-ray fluorescence signal due to the first
heavy element present 1n the first chemical-receptor
complex and 1n the second chemical-receptor complex;

exposing the second portions of the receptors to the
analog and allowing the analog to bind to them to form
a first analog-receptor complex and a second analog-
receptor complex;

measuring the x-ray fluorescence signal due to the second
heavy element present 1n the first analog-receptor com-
plex and in the second analog-receptor complex;

calculating the net x-ray fluorescence signal due to the
first heavy element 1n the first chemical-receptor com-
plex by subtracting the baseline x-ray fluorescence
signal of the first portion of the first receptor from the
measured x-ray fluorescence signal of the of the first
chemical-receptor complex;

calculating the net x-ray fluorescence signal due to the
first heavy element present in the second chemical-
receptor complex by subtracting the baseline x-ray
fluorescence signal of the first portion of the second
receptor from the measured x-ray fluorescence signal of
the second chemical-receptor complex;

calculating the net x-ray fluorescence signal due to the
second heavy element 1n the first analog-receptor com-
plex by subtracting the baseline x-ray fluorescence
signal of the second portion of the first receptor from
the measured x-ray fluorescence signal of the of the
first analog-receptor complex;

calculating the net x-ray fluorescence signal due to the
second heavy element present 1n the second analog-
receptor complex by subtracting the baseline x-ray
fluorescence signal of the second portion of the second
receptor from the measured x-ray tluorescence signal of
the second analog-receptor complex;

estimating the selectivity of the chemical to binding to the
receptors by dividing the net x-ray fluorescence of the
first chemical-receptor complex by the amount of
receptor 1n the first portion of the first receptor to obtain
a first quotient, dividing the net x-ray fluorescence of
the second chemical-receptor complex by the amount
of receptor 1n the first portion of the second receptor to
obtain a second quotient;

estimating the selectivity of the analog to binding to the
receptors by dividing the net x-ray fluorescence of the
first analog-receptor complex by the amount of receptor
in the second portion of the first receptor to obtain a
third quotient, dividing the net x-ray fluorescence of the
second analog-receptor complex by the amount of
receptor 1n the second portion of the second receptor to
obtain a fourth quotient; and

20
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comparing first quotient to the second quotient to the third

quotient to the fourth quotient.

11. The method of claim 10, wherein the step of estab-
lishing the baseline x-ray fluorescence signals for the first
receptor and the second receptor comprises measuring the
x-ray tluorescence signal of the first heavy element and the
second heavy element or calculating the x-ray fluorescence
signal of the first heavy element and the second heavy
clement.

12. The method of claim 10, wherein all of the receptors
are exposed to the chemical and analog within a temperature
range of about three degrees Celsius of each other.

13. The method of claim 10, wherein the chemical and
analog each have a molecular weight of less than about 5000
daltons.

14. The method of claim 10, wherein the chemical and
analog each comprise a number of hydrogen bond acceptors
in the range of from zero to five and a number of hydrogen
bond donors 1n the range of from zero to ten.

15. The method of claim 10, wherein the chemical and
analog each comprise a logP of 5 or less.

16. The method of claim 10, wherein at least a portion of
the x-ray fluorescence signal of any chemical-receptor com-
plex or any analog-receptor complex comprises photons that
are due to fluorescence resonance energy transier and have
an energy of greater than about 300 eV.

17. The method of claim 10, wherein the receptors are
obtained from a medical patient or from a participant 1n a
clinical trial.

18. The method of claim 10, wherein the steps of the
method are repeated for at least one more analog of the
chemical.

19. The method of claim 10, wherein the steps of the
method are repeated for at least one more receptor.

20. A method for manufacturing a drug, comprising:

establishing a baseline X-ray fluorescence signal for a
heavy element 1n a portion of a first receptor and 1n a
portion of at least one more receptor that may be the
same or different from the first receptor, the heavy
clement being present 1n a chemical to be tested for
binding to the receptors;

exposing the receptors to the chemical and allowing the
chemical to bind to them to form a first chemical-
receptor complex and at least one more chemical-
receptor complex;

measuring the x-ray fluorescence signals due to the heavy
clement in the first chemical-receptor complex and 1n
the at least one more chemical-receptor complex;

subtracting the baseline x-ray fluorescence signal of the
first receptor from the measured x-ray fluorescence
signal of the of the first chemical-receptor complex to
obtain a first net x-ray fluorescence signal;

subtracting the baseline x-ray fluorescence signal of the at
least one more receptor from the measured x-ray fluo-
rescence signal of the of the at least one more chemical-
receptor complex to obtain at least one more net X-ray
fluorescence signal;

estimating the selectivity of the chemical by dividing the
first net x-ray fluorescence signal by the amount of
receptor 1n the portion of the first receptor to obtain a
first quotient, dividing the at least one more net X-ray
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fluorescence signal by the amount of receptor in the
portion of the at least one more receptor to obtain at
least one more quotient, and then comparing the first
quotient to the at least one more quotient; and

™

manufacturing the chemical 1n sufficient quantity for use
as a drug 1f the first quotient and the at least one more
quotient are different by at least one percent.

21. A method for manufacturing a drug, comprising:

establishing a baseline X-ray fluorescence signal for a first
heavy element 1n a first portion of a {irst receptor and
in a first portion of a second receptor, the first heavy
clement being present 1n a chemical to be tested for
binding to the receptors;

establishing a baseline X-ray fluorescence signal for a
second heavy element 1n a second portion of the first
receptor and 1n a second portion of a second receptor,
the second heavy element being present 1n an analog of
the chemical to be tested for binding to the receptors;

exposing the first portions of the receptors to the chemical
and allowing the chemical to bind to them to form a
first chemical-receptor complex and a second chemi-
cal-receptor complex;

measuring the x-ray fluorescence signal due to the first
heavy element present 1n the first chemical-receptor
complex and 1n the second chemical-receptor complex;

exposing the second portions of the receptors to the
analog and allowing the analog to bind to them to form
a first analog-receptor complex and a second analog-
receptor complex;

measuring the x-ray fluorescence signal due to the second
heavy element present in the first analog-receptor com-
plex and 1n the second analog-receptor complex;

calculating the net x-ray fluorescence signal due to the
first heavy element 1n the first chemical-receptor com-
plex by subftracting the baseline x-ray fluorescence
signal of the first portion of the first receptor from the
measured x-ray fluorescence signal of the of the first
chemical-receptor complex;

calculating the net x-ray fluorescence signal due to the
first heavy element present in the second chemical-
receptor complex by subtracting the baseline x-ray
fluorescence signal of the first portion of the second
receptor from the measured x-ray tluorescence signal of
the second chemical-receptor complex;

calculating the net x-ray fluorescence signal due to the
second heavy element 1n the first analog-receptor com-
plex by subtracting the baseline x-ray fluorescence
signal of the second portion of the first receptor from
the measured x-ray fluorescence signal of the of the
first analog-receptor complex;

calculating the net x-ray fluorescence signal due to the
second heavy element present 1n the second analog-
receptor complex by subtracting the baseline x-ray
fluorescence signal of the second portion of the second
receptor from the measured x-ray fluorescence signal of
the second analog-receptor complex;

estimating the selectivity of the chemical to binding to the
receptors by dividing the net x-ray fluorescence of the
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first chemical-receptor complex by the amount of
receptor 1n the first portion of the first receptor to obtain
a first quotient, dividing the net x-ray fluorescence of
the second chemical-receptor complex by the amount
of receptor 1n the first portion of the second receptor to
obtain a second quotient;

estimating the selectivity of the analog to binding to the
receptors by dividing the net x-ray fluorescence of the
first analog-receptor complex by the amount of receptor
in the second portion of the first receptor to obtain a
third quotient, dividing the net x-ray fluorescence of the
second analog-receptor complex by the amount of
receptor 1n the second portion of the second receptor to
obtain a fourth quotient; and

comparing first, second, third, and fourth quotients to
determine if the chemical or analog 1s the more selec-
five and manufacturing the more selective one 1n suf-
ficient quantity for use as a drug.

22. A method for comparing the ability of at least one
chemical 1n a first solution to bind to a portion of at least one
receptor versus the ability of that chemical in a second
solution to bind to a separate portion of the same at least one
receptor, comprising:

establishing a baseline X-ray fluorescence signal for a
heavy element 1n a first portion of a receptor and for the
heavy element 1 a separate portion of the receptor, the
heavy element being present in a chemical that 1s being,
tested for binding to the receptor;

exposing the first portion of the receptor to a first solution
that includes the chemical, and allowing the chemaical
to bind to the receptor to form a first chemical-receptor
complex;

exposing the separate portion of the receptor to a second
solution also i1ncludes the chemical, and allowing the
chemical to bind to the receptor to form a second
chemical-receptor complex;

measuring the x-ray fluorescence signals due to the heavy
clement in the first chemical-receptor complex and 1n
the second chemical-receptor complex;

calculating the net x-ray Hluorescence signal due to the
heavy element 1n the first chemical-receptor complex
by subtracting the baseline x-ray tfluorescence signal of
the first portion of receptor from the measured x-ray
fluorescence signal of the first chemical-receptor com-
plex;

calculating the net x-ray fluorescence signal due to the
heavy element 1n the second chemical-receptor com-
plex by subtracting the baseline x-ray fluorescence
signal of the separate portion of receptor from the
measured x-ray fluorescence signal of the second
chemical-receptor complex; and

estimating the binding selectivity of the chemical 1n the
first solution versus the second solution by dividing the
net x-ray fuorescence signal of the first chemical-
receptor complex by the amount of receptor 1n the first
portion of the receptor to obtain a first quotient, divid-
ing the net x-ray fluorescence of the second chemical-
receptor complex by the amount of receptor in the
separate portion of the receptor to obtain a second
quotient, and then comparing the first quotient to the
second quotient.
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23. The method of claim 22, further comprising repeating
the steps of the method with at least one analog of the
chemical.

24. The method of claim 22, further comprising repeating
the steps of the method with at least one more receptor.

25. A method for estimating the relative effectiveness of
at least two drugs, each drug having at least one heavy
clement, comprising:

providing a sample from a medical patient, the sample
comprising at least a first portion and a second portion
of a first receptor and a first portion and a second
portion of a second receptor;

establishing a baseline X-ray fluorescence signal for a first
heavy element in the first portion of the first receptor
and 1n the first portion of the second receptor, the first
heavy element being present 1n a first drug to be tested
for binding to the first and second receptors;

establishing a baseline X-ray fluorescence signal for a
second heavy element 1n the second portion of the first
receptor and 1n the second portion of the second
receptor, the second heavy element being present in a
second drug to be tested for binding to first and second
receplors;

exposing the first portion of the first receptor and the first
portion of the second receptor to the first drug and
allowing the drug to bind to the first receptor to form a
first drug-receptor complex, and to bind to the second
receptor to form a second drug-receptor complex;

measuring the x-ray fluorescence signal due to the first
heavy element present 1n the first drug-receptor com-
plex and in the second drug-receptor complex;

exposing the second portion of the first receptor and the
second portion of the second receptor to the second
drug and allowing the second drug to bind to the first
receptor to form a third drug-receptor complex, and to
bind to the second receptor to form a fourth drug-
receptor complex;

measuring the x-ray fluorescence signal due to the second
heavy element present 1n the third drug-receptor com-
plex and 1n the fourth drug-receptor complex;

calculating a first net x-ray fluorescence signal due to the
first heavy element present in the first drug-receptor
complex by subtracting the baseline x-ray fluorescence
signal of the first portion of the first receptor from the
measured x-ray fluorescence signal of the of the first
drug-receptor complex;

calculating a second net x-ray fluorescence signal due to
the first heavy element present in the second drug-
receptor complex by subtracting the baseline x-ray
fluorescence signal of the first portion of the second
receptor from the measured x-ray fluorescence signal of
the second drug-receptor complex;

calculating a third net x-ray fluorescence signal due to the
second heavy element in the third drug-receptor com-
plex by subtracting the baseline x-ray fluorescence
signal of the second portion of the first receptor from
the measured x-ray fluorescence signal of the of the
third drug-receptor complex;
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calculating a fourth net x-ray fluorescence signal due to
the second heavy element present in the fourth drug-
receptor complex by subtracting the baseline x-ray
fluorescence signal of the second portion of the second
receptor from the measured x-ray fluorescence signal of
the fourth drug-receptor complex;

calculating binding quotients for the first drug by dividing
the first net x-ray fluorescence signal by the amount of
receptor 1n the first portion of the first receptor to obtain
a first quotient, dividing the second net x-ray fluores-
cence signal by the amount of receptor in the first
portion of the second receptor to obtain a second
quotient;

calculating binding quotients for the second drug by
dividing the third net x-ray fluorescence signal by the
amount of receptor 1n the second portion of the first
receptor to obtain a third quotient, dividing the fourth
net x-ray Huorescence signal by the amount of receptor
in the second portion of the second receptor to obtain
a fourth quotient; and

comparing the first, second, third, and fourth quotients to
estimate the relative effectiveness of the first drug
versus the second drug.

26. The method of claim 25, wherein the first receptor 1s
obtained from healthy tissue and the second receptor is
obtained from diseased tissue.

27. The method of claim 25, wherein the first receptor 1s
obtained from healthy tissue and the second receptor 1is
obtained from a tumor.

28. The method of claim 25, further comprising repeating
the steps of the method with at least one more drug.

29. The method of claim 25, further comprising repeating
the steps of the method with at least one more receptor.

30. A method for estimating binding affinity comprising:

depositing a portion of a receptor on a substrate;

establishing a baseline X-ray fluorescence signal for a
heavy element 1n the portion of the receptor, the heavy
clement being present 1n a chemical being testing for
binding to the receptor;

exposing the receptor to a solution comprising the chemi-
cal at a first temperature, and allowing the chemical to
bind to the receptor to form a chemical-receptor com-
plex;

measuring the x-ray fluorescence signal due to the heavy
clement 1n to the chemical-receptor complex using
excitation photons having an energy of at least 300
clectron-volts to electronically excite the heavy ele-
ment, and detecting emission photons using an X-ray
detector having a dead time, the emission photons
being generated from an excited state of the heavy
clement, the excited state of the heavy element having
a fluorescence lifetime that 1s less than the dead time of
the x-ray detector;

calculating the net x-ray fluorescence signal due to the
heavy element 1n the chemical-receptor complex by
subtracting the baseline x-ray fluorescence signal of the
portion of receptor from the measured x-ray fluores-
cence signal of the chemical-receptor complex; and

estimating the binding affinity of the chemical for the
receptor by dividing the net x-ray fluorescence signal of
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the chemical-receptor complex by the amount of the
receptor 1n the portion of the receptor.

31. The method of claim 30, further comprising repeating
the steps of the method with at least one more portion of
another receptor.

32. The method of claim 30, further comprising repeating
the steps of the method with at least one more chemaical.

33. The method of claim 30, wherein the portion of the
receptor 1s deposited inhomogeneously within an area on the
substrate of no more than about 0.25 mm”~.

34. The method of claim 30, wherein the first temperature
1s from about 15 degrees Celsius to about 45 degrees
Cels1us.

35. The method of claim 30, wherein the first temperature
1s from about 32 degrees Celsius to about 42 degrees
Cels1us.

36. The method of claim 30, further comprising repeating
the steps of the method at a second temperature that different
from the first temperature by at least two degrees Celsius.

J7. The method of claim 30, further comprising repeating
the steps of the method using another solution comprising a
different concentration of the chemaical.

38. A method for detecting protein modification compris-
Ing:
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establishing a baseline X-ray fluorescence signal for a
heavy element 1n a portion of a protein;

exposing the portion of protein to conditions that may
alter the amount of the heavy element present i the
portion of the protein and then measuring the x-ray
fluorescence signal due to the heavy element; and

subtracting the baseline x-ray fluorescence signal from the

measured x-ray fluorescence signal.

39. The method of claim 38, wherein the heavy element
comprises phosphorus.

40. The method of claim 38, wherein the step of exposing,
the portion of protein to conditions that may alter the amount
of the element present in the protein comprises exposing the
portion of protein to conditions that cause post-translational
modification of the protein.

41. The method of claim 38, wherein the step of exposing,
the portion of protein to conditions that may alter the amount
of the element present 1n the protein comprises exposing the
portion of protein to conditions that cause phosphorylation
of the protein or dephosphorylation of the protein.

42. The method of claim 38, further comprising repeating
the steps of the method with at least one more protein.
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